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Abstract

This macroscopic inquiry reviews the relationship between climate impacts, adaption, and 

economic justice for developing Pacific island countries. Starting with descriptive geographical and 

critical demographic overview, the inquiry notes the significant historic and ongoing effects of 

imperialism and colonialism on developing Pacific Island countries. Using existing scientific data 

and making some basic extrapolations, the inquiry notes particular points of exposure for these 

countries, especially relating to sea-level rise, salt-water inundation, extreme weather, increased 

warming and precipitation. These are identified as causes of coastal erosion, loss of potable and 

agricultural water supplies, threats to housing and other infrastructure, and agriculture and fisheries. 

With these impacts identified a series of physical adaptions are reviewed, the most prominent being 

soft coastal defences (e.g., mangrove restoration), rainwater collection and storage, and changes to 

agricultural practises and crops. Implementing such adaptions requires finances and the inquiry both 

reviews existing approaches and considers the potential of climate impact reparations, with a review 

context of international political economy and relations. In absence of enforceable international law, 

the inquiry considers leadership from emitting countries, not entirely without self-interest, to be the 

most likely outcome.
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Abbreviations and Glossary

AOSIS. Alliance of Small Island States. An intergovernmental organisation of low-lying coastal and 

small island countries established in 1990 whose main purpose is to present a united voice by Small 

Island Developing States (SIDS) in addressing global warming.

CCRIF. Caribbean Catastrophe Risk Insurance Facility. As a Segregated Portfolio Company 

(CCRIF SPC) the CCRIF is insurance company founded by  sixteen original member-countries in 

2007 as the first multi-country risk pool in the world and notable for use of parametric policies.

CSIRO. Commonwealth Scientific and Industrial Research Organisation; an Australian government 

agency. 

EU CMEMS. European Union Copernicus Marine and Environment Monitoring Service. European 

Union Copernicus Marine and Environment Monitoring Service The marine component of the 

Copernicus Programme of the European Union, providing information on the state of ocean.

ENSO. El Niño-Southern Oscillation. An irregular quasi-periodic variation in winds and sea surface 

temperatures over the tropical Pacific Ocean with distinct warming ("El Niño") and cooling ("La 

Nina") phases. 

GCMs. General Circulation Models. A type of climate model that employs a mathematical model of 

the general circulation of a planetary atmosphere and/or ocean providing weather forecasting, 

understanding the climate, and forecasting climate change.

GHG. Greenhouse Gas. Any gases in the atmosphere of a planet that raises the surface temperature 

by absorb the wavelengths of radiation that a planet emits, resulting in the greenhouse effect.

GWP. Global Warming Potential. An index to measure the quantity of infrared thermal radiation a 

greenhouse gas would absorb over a given time frame after it has been emitted to the atmosphere. 
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ILK. Indigenous and Local Knowledge Systems. Knowledge systems embedded in the cultural 

traditions of regional, indigenous, or local communities. ILK includes Traditional Ecological 

Knowledge (TEK).

IPCC. Intergovernmental Panel on Climate Change. An intergovernmental body of the United 

Nations established by the World Meteorological Organization (WMO) and the United Nations 

Environment Programme (UNEP) in 1988. The IPCC informs governments about the state of 

knowledge of climate change by examining the relevant scientific literature on the subject.

IPE. International Political Economy. The study of economic classes on the global scale, how 

international politics interacts with the global economy, and the distributive consequences of 

economic exchange between States. 

PACCSAP. Pacific-Australia Climate Change Science Adaptation Planning. An Australian 

government program that examined climate trends and variability, providing regional and national 

climate projections, and capacity building with 15 partner countries in the Pacific. It operated from 

2011 to 2014 as the successor to PCCSP.

PCCSP. Pacific Climate Change Science Program (Australia). The Pacific Climate Change Science 

Program (PCCSP) delivered targeted information on past, current and possible future climate for 

partner countries. It operated from 2009-2011.

PDO. Pacific Decadal Oscillation. An irregular recurring pattern of ocean-atmosphere climate 

variability centred over the mid-latitude North Pacific basin. The PDO is detected as warm or cool 

surface waters in the Pacific Ocean, north of 20°N. 

SIDS. Small Island Developing States. First recognised by United Nations Conference on 

Environment and Development in June 1992 The United Nations Office of the High Representative 

for the Least Developed Countries, Landlocked Developing Countries and Small Island Developing 

States (UN-OHRLLS) represents the group.

SPCZ. South Pacific Convergence Zone. A reverse-oriented monsoon trough and band of low-level 

convergence, cloudiness, and precipitation extending from the Western Pacific Warm Pool and 

south-eastwards towards as far as the Cook Islands (160W, 20S).
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SPREP. Secretariat of the Pacific Regional Environment Programme. Formerly the South Pacific 

Regional Environment Programme. Established in 1982, an intergovernmental organisation based in 

Apia, Samoa established protect and sustainably develop of the region's natural resources. 

Membership consists of 21 Pacific countries and territories, along with five others with interests in 

the region (United States, France, Australia, United Kingdom, New Zealand). 

TEK. Traditional Ecological Knowledge. See ILK.

THC. Thermohaline Circulation. A global ocean circulation driven by density gradients created by 

surface heat, freshwater fluxes, and salinity content. "Thermohaline" is from thermo- (temperature) 

and -haline (salt content), which together determine the density of sea water. The transit time is over 

1000 years.

UHSLC. University of Hawai'i Sea Level Center.

UNFCCC. United Nations Framework Convention on Climate Change. An international treaty 

among countries, first signed in 1992 by 154 states at the United Nations Conference on 

Environment and Development (UNCED), "the Earth Summit". Its main objective is "stabilization 

of greenhouse gas concentrations in the atmosphere at a level that would prevent dangerous 

anthropogenic interference with the climate system". The first implementation of measures under 

the UNFCCC was the the Kyoto Protocol, which was superseded by the Paris Agreement, which 

entered into force in 2016. The supreme decision-making body of the UNFCCC is the annual 

meeting of the Conference of the Parties (COP).

WIM. Warsaw International Mechanism for Loss and Damage.  Warsaw International Mechanism 

for Loss and Damage. Established at COP19 (November 2013) to address loss and damage 

associated with impacts of climate change through knowledge and understanding of risk 

management approaches, strengthening dialogue between stakeholders, and providing action and 

support, including finance, technology, and capacity building.
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Preface

"There are only ninety thousand people out there. Who gives a damn?"

-- Henry Kissinger on the Marshall Islander people affected by the US nuclear test programme 

(Dunbar-Ortiz, 2014, p226)

As an inquiry written with passion for a better world, it should be prefaced with an explanation of 

motivations. I shall endeavour to briefly do so here and now, providing both some background 

context to an interest in climate change impacts, adaption, and financing for developing Pacific 

nations. The context is for the reader to understand what is motivating the author.

The origins of this story do not come from formal study but, in a rather peculiar fashion, by living 

next door to a punk rock band in 1987 called "Greenhouse Effect", who expressed the concerns 

embodied in their name. This was my introduction to climate change science and policy. A few 

years later, my final item of coursework for my first degree,  I would take a course in "Population, 

Resources and the Environment", which I started a month after the the United Nations Conference 

on Environment and Development, more popularly known as "the Earth Summit". The course 

reader, representing the focus of the time, had only 9 out of 168 readings on the subject of 

atmosphere and climate change. The following year, whilst researching my honours thesis, I found 

myself immersed in Habermas' "Legitimation Crisis", a very important contribution to social theory. 

It included the following memorable lines:

"Even on optimistic assumptions. however, one absolute limitation on growth can be stated (if not, 

for the time, precisely determined): namely, the limit of the environment's ability to absorb heat 

from energy consumption. If economic growth is necessarily coupled to increasing consumption of 

energy, and if all natural energy that is transformed into economically useful energy is ultimately 

released as heat... then the increasing consumption of energy must result, in the long run, in a rise in 

global temperature.... these reflections show that an exponential growth of population and 

production - that is, the expansion of control over outer nature - must some day run up against the 

limits of the biological capacity of the environment." (Habermas, 1975, p42)

The remarks left a continuing impression in the decades that would follow. This included five years 

working for the Parliament of Victoria (1997-2002), international volunteer work with the Ministry 
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of Foreign Affairs and Cooperation of Timor-Leste (2002-2003), and then a lengthy and continuing 

career as a High Performance Computing (HPC) systems engineer and educator (2007 and 

continuing) initially with the Victorian Partnership for Advanced Computing, then the University of 

Melbourne. During these years I would also complete a number of degrees, including three masters, 

a graduate diploma, and two graduate certificates. 

Whilst undertaking residency in Zurich in October 2019 for a MSc (Information Systems), I gave 

exposition on the re-engineering of concrete to mitigate carbon dioxide emissions. That presentation 

was a personal turning point that would lead to the founding of an environmental engineering 

consultancy, Avatar Mountain in June 2022. This research project essay is very much in the spirit of 

that project. 

Physical and social engineering for climate change mitigation remains a passion, but as I have 

progressed through 2023 and into 2024 forthe Master of Climate Change Science and Policy 

degree, I have become increasingly sensitive to the necessity of adaption as impacts. Very 

significant impacts are likely to occur in the Pacific region, a very large geographical region with a 

small population, that receives limited attention. Many nations have limited economic resources to 

implement in the adaptions that are required, even though they are not responsible for the climate 

changes in the first place. This consideration relates to an ongoing interest in just financing and 

international political economy. 

It is hoped that this inquiry can provide an accurate overview of the impacts of climate change in 

Pacific developing island nations, identify adaptive solutions to those impacts, and illustrate a 

financial pathway for the implementation of these solutions.

1. Introduction to the Project

1.1 Research Aims and Outline

The title of the research project, "Climate Change Impacts, Adaption, and Just Financing for Small 

Developing Pacific Island Countries", provides a broad subject outline and an indication of the 

research aims. By "Climate Change" what is meant is anthropogenic climate change from 1850 with 

forecasting for the rest of the century, beyond what natural internal variability or external forcings 
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contribute (Meehl et al, 2004). By "Impacts" what is meant are the effects of climate change, with a 

primary emphasis on physical considerations. "Adaption" refers to actions to limit vulnerability to 

climate change impacts, or even to try to harness potential benefits, again with an emphasis on 

physical technologies. This is simply a matter of research focus, as illustrated by a continuum 

between "impact" and "vulnerability" (see Figure 1) and by no means diminishes the importance of 

building adaptive resilience through community education, policy, and action plans. Adaption also 

stands in distinction to "mitigation", which is understood as actions that reduce the extent of climate 

change (IPCC, 2021). "Just Financing" refers to the allocation of resources for adaption by the 

selected countries which satisfy principles of international restorative justice, and thus excluding an 

alternative such as public monetary investment by affected nations themselves or foreign aid. In 

summary the research questions are; (a) what are the climate change impacts in the Pacific? (b) 

what are the most optimal adaption measures for these impacts? and (c) how can these adaptions be 

funded by responsible parties?

Figure 1: Vulnerability vs Impact Focus

The phrase "Small Developing Pacific Island Countries" fits into the category of the Small Island 

Developing States (SIDS) of the United Nations for the Pacific region. The conditional "small" 

among SIDS excludes The Philippines, which could otherwise be included, but includes Timor-

Leste which more in the Indian Ocean region. Neither Timor-Leste nor The Philippines are a focus 

countries of this study. Nor is Papua New Guinea, although that country's islands would certainly be 

of interest; New Guinea itself is too large and too diverse for the focus of this inquiry. The term 

"developing" is challenging as well. Following the the metrics of the Human Development Index 

(United Nations Development Programme, 2022) some countries that are under consideration are 
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classified as having a "High" level of development, such as Palau (HDI 0.767), Tonga (HDI 0.745), 

Fiji (HDI 0.730), and Samoa (0.707), whilst others are classified as Least Developed Countries 

(Kiribati, Solomon Islands, Tuvalu). The second, is that a number of countries due to their 

association or control by colonial powers are not listed in terms of HDI at all (e.g., The French 

overseas collectives French Polynesia, New Caledonia, etc, New Zealand associates Niue, Tokelau, 

Cook Islands), unincorporated dependent territories of the United States (Guam, Northern Mariana 

Islands, American Samoa), Galapagos Islands (Ecuador).

Following a basic geographic and demographic overview, this study reviews the relevant literature 

of climate change impacts, adaption, and finances. The main climate change impact literature are 

the assessment reports of the IPCC. This is supplemented by localised essay collections such as 

"Climate Change and Impacts in the Pacific" (Kumar, 2020) and, to a lesser extent, "Climate 

Change in the South Pacific" (Gillespie, Burns, 2003). With regards to adaption, the literature 

review includes relevant sections of "Status of Climate Change Adaptation in Asia and the Pacific" 

(Alam, Lee, & Sawhney, 2019) and "Climate Change Adaptation in Pacific Countries" (Filho, 

2017), "Indigenous Pacific Approaches to Climate Change" (Bryant-Tokalau, 2018), and "Pacific 

Climate Cultures" (Crook, Rudiak-Gould, 2018). Finally, with regard to financing, the most 

appropriate initial text for initial review is "The Economics of Climate Change" (Stern, 2007). 

Applying a legal sense, "The Third Pillar of International Climate change Policy" (Broberg & 

Romera, 2021) is also considered, along with review of international relations theory with the recent 

publication, "How States Think - The Rationality of Foreign Policy" (Mearsheimer & Rosato, 

2023).

The literature review provides a multidisciplinary compilation. The methodology and methods 

chapter provides approaches for research evaluation. "Methodology" refers to the philosophical 

foundations are necessary to correctly identify points of connection and distinction in different 

research domains. In this manner, Habermas' application of linguistics and pragmatics as formal, or 

universal, pragmatics (Habermas, 1984) is used to identify and evaluate constative, normative, and 

expressive propositions across the objective, intersubjective, and subjective rational domains. With 

a developed methodology, the study is better positioned to make use of appropriate methods. 

The section on "Findings and Discussion" takes the content from the literature review, 

supplemented with recent journal articles, applies the selected quantitative and qualitative research 

methods, and develops findings (confirming and novel) across the research aims i.e., stating the past 
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and future impacts of climate change in the regions, the necessary physical and social adaptions to 

those impacts, and the financing of those adaptions in the context of the international political 

economy and international relations. Although stated briefly at this stage, this is the single largest 

section in the research project and leads directly to a conclusion that explores the possibility of 

further research.

1.2 Geographical Considerations

The spatial boundaries of the Pacific have the Bering Strait on the northern border, follow the 

coastlines of North and South America on the eastern side and Asia on the western side, and south 

to 60°S, where it becomes the Southern Ocean (see Figure 2). The western border includes the east 

and north-east coastlines of Australia and includes the eastern border of the Java Sea to the Gulf of 

Thailand. Broadly speaking, the Pacific has a surface area of 165,250,000 km^2, a maximum depth 

of 10,911 m at the Mariana Trench, and a high point 4,207 metres at Mauna Kea at Hawai'i.

Figure 2: The Pacific Ocean, with depth contours and submarine features (Bardach, et al, 2024)
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As part of the global atmospheric circulation system the Pacific has trade winds moving from east-

to-west prevailing winds in the equatorial region, with the trade winds generating particularly heavy 

rainfall on the eastern coastlines of equatorial Asia. Westerlies prevail from the middle latitudes and 

toward the polar regions. The Pacific experiences anticyclone high pressure areas off the coast of 

the Americas, the North Pacific High and the South Pacific High. Whilst the North Pacific High is 

mostly seasonal, the South Pacific High is a permanent fixture. The South Pacific High contributes 

significantly to the aridity of the west coast of South America and plays a major role in ENSO and 

as source of the trade winds. Recurring variability includes the complex PDO over the mid-latitude 

North Pacific basin and ENSO, with its warming (El Niño) and cooling (La Nina) phases, resulting 

from variability in Walker circulation. Another major feature is the SPCZ, extending located 

northwest to southeast diagonally from near the Solomon Islands towards French Polynesia, a 

convergence between the the trade winds, and the easterly flow from the eastern South Pacific 

anticyclones where convective thunderstorms and tropical cyclones are generated.

Surface ocean currents are closely tied with atmospheric circulation, driven by wind currents. In the 

South Pacific, the northward Humboldt Current correlates with the the eastern air current of the 

South Pacific High. This current is notable for its coldness and low salinity, and eventually becomes 

part of the westward South Equatorial Current, correlating with the trade winds. This leads to the 

warmer and southward East Australia Current, that becomes part of the eastward South Pacific 

Current, and then back to the Humboldt Current. These form the borders of the South Pacific Gyre, 

which includes the the oceanic pole of inaccessibility. In the North Pacific the cool southward 

California Current becomes part of the westward North Equatorial Current, which becomes part of 

the warmer northward Kuroshio current, and the eastward North Pacific Current. Along the east 

Asia coast there is also the cool southward Oyashio current and along the equator, in a easterly 

direction, the Equatorial Counter Current. 

These major surface currents are generally within a depth of the upper 400m of the ocean. The 

Pacific also plays an important role in the global Thermohaline Circulation (THC), with a 

significant upwell in the global system occurring in the North Pacific Basin where the oldest waters 

with deep, cool, and saline currents moving northward through the South Pacific Gyre to the Basin. 

Closer to the surface level, the equatorial currents travel westwards to the Indonesian Throughflow, 

providing warm and relatively fresh water from the Pacific to the Indian oceans. This area is notable 

for a low sea-surface density. The South Pacific Gyre is also notable for its lack of nutritional 
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content, contributing to the area having the clearest seawater and with ancient aerobic 

microorganisms living in a state of "quasi-suspended animation" (Morono et al, 2020). 

The ocean seabed provides the overwhelming majority of the Pacific land surface, mostly 

dominated by clay and terrigenous material in the North Pacific, and with carbonate ooze dominant 

in the South Pacific, with the exception of a clay band through the Gyre. The principal tectonic 

plates include the dominant Pacific plate which is connected to the North American plate on the 

north border, the Antarctic plate on the south, with the Philippine, Australian, and the south-east 

corner of the Eurasian plate on the west. The western border includes the Nazca, Cocos, Juan de 

Fuca, and Caribean plates, as well as the North and South American plates (Hasterok, 2022) with 

plate boundaries forming the "ring of fire" from volcanic areas and oceanic trenches. 

As a result, the age of the major continents is obviously greater than the Pacific island landmasses 

that are the focus of this study, with their formation the result of tectonic forces, including 

subduction, extensions, and volcanic activity (Neall & Trewick, 2008). The oldest island, the raised 

coral atoll of Mangaia, is a mere 18 million years old. Coastal regions provide regions where 

freshwater and seawater can meet with relative richness in nutrients for diverse marine and 

terrestrial life, especially coral reefs for the former. Island ecologies provide animal and plant 

diversity with limited gene flow, adaptive radiation, efficient resource utilisation, and a particular 

vulnerability to introduced species.

1.3 Demographic Considerations

This overview provides a very brief summary the demographics and history of selected countries. 

The countries under consideration were originally inhabited to Austronesian peoples, who migrated 

from Taiwan approximately 2000 BCE, first reaching the Philippines and finally Aotearoa New 

Zealand in c. 1250 CE spreading throughout the Pacific, the Malay archipelago, to Madagascar and 

Comoros, as well as having indigenous populations in parts of Indochina, Thailand and Myanmar 

(see Figure 3). In the Malay archipelago and New Guinea admixture occurred between the 

Austronesian and the existing populations from previous glacial period, generating a genetic 

distance between the diverse Melanesians and the Polynesian and Micronesian peoples 

(Friedlaender et al, 2008).
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Figure 3: Austronesian migration (Chambers & Edinur, 2021) 

Like other regions, the age of sail and European discovery would become an age of colonialism and 

imperialism. The Spanish were the first explorers in the 16th century CE, followed by the Dutch in 

the 17th century, and then in the 18th century the British and the French. With the forcible 

settlement by the British on the east coast Australia the Pacific became an important supply source 

for foodstuffs, pearl, and sandalwood, and Christian missionaries arrived intent of converting the 

population. Missionary kingdoms were established by the British and direct control by the French, 

the two main imperial powers in the region by the 19th century, with Germany and the United 

States also playing a role. Germany would be removed from the area as a result of World War I, 

with Japan expanding into the islands in northern Oceania, and eventually would extend briefly 

with World War II, and largely replaced by the United States. Under the Trusteeship Council of the 

United Nations, there was with increasing degrees independence or self-government, even among 

the French territories.

Today the indigenous Austronesian populations have varying degrees of admixture with other 

populations from various migrations and colonisation. Identified linguistically, Austronesian 

languages are spoken by close to 400 million speakers (Blust, 2013) and over over 1200 languages 

in total (Blust, 2016), although the overwhelming majority of those are in Indonesia and Malaysia, 

Madagascar or the Philippines. The developing small island states that are included in this study 

will typically have indigenous Austronesian languages as official languages of their country, Fijian 

(Na Vosa Vakaviti, 639 thousand speakers), Samoan (Gagana Sāmoa, 510 thousand speakers), and 

Gilbertese (Taetae ni Kiribati, 120 thousand speakers). Colonial and convenience languages are also 

prevalent in the region. English is more common in Fiji, the Solomon Islands, Vanuatu, Samoa, 
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Guam, Tonga, the Federated States of Micronesia, Kiribati, American Samoa, the Marshall Islands, 

Northern Mariana Islands, Palau, the Cook Islands, Tuvalu, Nauru, Tokelau, and Niue, whereas 

French is more common in French Polynesia, New Caledonia, and Wallis and Futuna. Spanish is 

spoken on Easter Island and the Galápagos Islands.

The UN Population Fund (United Nations, 2014) provides dated (approximately 10 ears old) 

demographic data. Countries of interest, (e.g., French Polynesia, New Caledonia, American Samoa) 

are excluded as they are not independent. Including territories Hawai’i is the most populous island 

region, with French Polynesia and New Caledonia after Vanuatu, Guam after Samoa, the Northern 

Mariana Islands and American Samoa after Tonga. Despite small populations, the countries have 

high population densities. As a whole, some 16,000 islanders leave their home countries annually, 

usually the young and better-educated, seeking employment in higher-income countries like 

Australia and New Zealand. High fertility rates are also notable, as is higher infant mortality, and 

lower life expectancy. 

Table 1. Demographic Data of Selected Independent Countries

Country Population 

(K)

Density 

(per sq 

km)

Fertility 

Rate

Infant 

Mortality

Life 

Expectancy 

(M/F)

Median 

Age

GNI per 

capita

Fiji 847.6 46 2.6 15.9 65.2/69.5 27.5 3,720

Solomon 

Islands

611.5 20 4.1 23 66.1/72.7 20.6 1,120

Vanuatu 271.1 22 4.1 21 69.6/72.7 21.6 2,870

Samoa 190.7 65 4.7 15.6 72.7/75.6 20.3 2,970

Kiribati 111.2 137 3.8 45 58.0/66.3 22.1 2,060

Tonga 104.2 160 3.9 17 69.3/73.1 21.1 3,800

FSM 102.8 147 3.5 29 68.4/71.8 22.0 3,080

Marshall 

Islands

53.8 297 4.1 22 71.3/72.5 19.6 4,080

Palau 17.7 40 2.0 13.0 66.3/72.1 35.9 9,240
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Cook 

Islands

15.0 63 2.6 6.2 73.6/79.8 29.9 12,313

Tuvalu 11.0 424 4.1 31 65.3/71.1 24.1 4,960

Nauru 10.6 504 4.3 33 57.5/63.2 21.0 7,899

Niue 1.6 6 2.2 10.2 72.5/75.2 34.9 na

Tokelau 1.2 100 4.7 15.6 72.7/75.6 23.3 na

Surveys consistently illustrate a very high percentage that adhere to the Christian religion of various 

denominations, with Fiji as an modest exception (Hindu 34% and Muslim 7% according to the 1996 

census). In contemporary times the traditional churches are increasing challenged by a rapid rise of 

Pentecostal-Charismatic independent churches, the result of globalisation and the money-economy 

and a cultural tradition of supernaturalism (Ernst, 2012). Another major cultural factor is notion of 

"The Pacific Way" (Mara, 1997) which argues for common cultural features of communalism, 

dialogue, and consensus (Tomlinson, 2019) but whose description as post-colonial discourse has 

come under criticism for an aristocratic approach that overlooks conflict within Pacific societies 

(Lawson, 2010).

2. Literature Review

2.1 Climate Change Impacts Literature Review

Whilst the climate is always changing due to natural external forcings and internal variability 

warming in late twentieth-century warming onward can only be explained by anthropogenic forcing 

(Meehl et al, 2004). An overall warming trend that has continued from 1980s, with each decade 

warmer the preceding, and with 93% of the warming going into the global ocean (Johnson & 

Lyman, 2020). Taken as a whole from 1850 to 2019, there is no significant contribution from 

internal variability or from external forcings. The summary statement of the IPCC (2021) gives a 

very clear global overview:

"The likely range of total human-caused global surface temperature increase from 1850–1900 to 

2010–2019 11 is 0.8°C to 1.3°C, with a best estimate of 1.07°C. It is likely that well-mixed GHGs 
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contributed a warming of 1.0°C to 2.0°C, other human drivers (principally aerosols) contributed a 

cooling of 0.0°C to 0.8°C, natural drivers changed global surface temperature by –0.1°C to +0.1°C, 

and internal variability changed it by –0.2°C to +0.2°C. It is very likely that well-mixed GHGs were 

the main driver 12 of tropospheric warming since 1979 and extremely likely that human-caused 

stratospheric ozone depletion was the main driver of cooling of the lower stratosphere between 

1979 and the mid-1990s."

The IPCC statement, from The Physical Science Basis (Working Group I), can be combined with 

the complete synthesis report (IPCC, 2023) which includes the publications from Impacts, 

Adaptation and Vulnerability (WGII, published 2022) and Mitigation of Climate Change (WGIII, 

2022). Providing five potential scenarios ("Shared Socioeconomic Pathways"), based on policy 

decisions, the report provides ranges from CO2 emissions cut to zero by 2050 with likely 

temperature increase of 1.0 - 1.8 C by 2081 to 2100 to CO2 emissions tripling by 2075 with a 

temperature increase range of 3.3 - 5.7. This upper scale matches actual emissions from 2005 to 

2020 (Schwalm, et al 2020). The increase in temperatures has resulted in global mean sea level rise 

due to thermal expansion and ice loss, with the level increasing faster since 1900 than over the last 

3000 years. The different scenarios suggest a rise from 0.28 to 0.55m by by 2100 in the very low 

GHG scenario, to 0.98–1.88m under the very high scenario. 

From the global perspective illustrated in the IPCC reports, impacts in the region of interest must 

come from other sources, of which "Climate Change in the South Pacific" (Gillespie & Burns, 

2003) and "Climate Change and Impacts in the Pacific" (Kumar, 2020) are useful sources for 

comparative change, given that the former is somewhat dated in a discipline of rapidly developing 

knowledge. The former book also has a heavy concentration (approximately two-thirds of the text) 

on the impacts and policies of Australia and New Zealand, both of which are excluded from this 

initial research project. Nevertheless four region-relevant chapters cover impacts, science-based 

understanding, empowerment, and the use of mangroves as an adaption technology. 

The chapter on impacts (Gillespie & Burns, 2003, p233-250) suggests an increase in global 

temperatures that has a lower range (1.3 to 4.0C) compared to what is now modelled. The chapter 

concentrates on Pacific Island developing countries when General Circulation Models (GCMs) 

lacked sufficient horizontal resolution to simulate island climates. Sea level rise was estimated 

between 15 and 95 centimeters by 2100, with greater than average increases in the South Pacific, 

with erosion increasing salinity of coastal areas affecting coastal habitations and infrastructure as 
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well as freshwater reserves. Global warming will also mean an increase in the frequency and 

intensity of storm surges that will degrade coral reefs, also affected by an increase by temperatures 

given their narrow temperature range (25 - 29C). In addition to the effects of increased soil salinity, 

temperature extremes mean that droughts are increasingly common, placing strain on food 

resources. Attention is also drawn to a likely increase in pathogens, especially malaria and dengue, 

already endemic in Pacific Island developing countries, as conditions are enhanced for longevity 

and reproduction. 

For the chapter on scientific understanding of climate impacts (Gillespie & Burns, 2003, p267-287), 

the technical reports SPREP are identified as the primary body, noting that global assessments 

insufficiently capture local changes, especially the effects of tropical cyclones, ENSO phenomenon, 

and variations in the Intertropical and SPCZ, among others. Particular challenges exist for scientific 

understanding in the Pacific region due to the poor geographical coverage and temporal range of the 

instrument record. Critical proxy data is sourced through  tree rings, sediment cores and micro-

atolls. At the time, recent records suggested in an increase in frequency and persistence of ENSO 

heating events, increase rainfall in the central and eastern equatorial Pacific rainfall, but a decrease 

in the southwest, an increase in tropical cyclones in the southwest and southeast. 

In contrast, the more contemporary collection of fourteen essays found in "Climate Change and 

Impacts in the Pacific" starts with an overview of climate change in the Pacific and expectations in 

coming decades as the initial chapter. Whilst much of the global information replicates content 

found in other reports, a Pacific focus draws attention to matters like ocean acidification, sea-level 

rise, extreme weather, biodiversity etc, with projections for rainfall and temperature date from 

multiple sources. The second and third chapters describe the setting and future projections in greater 

detail and under various IPCC scenarios. The previously referred setting chapter seeks to avoid the 

common area of viewing islands as "continents in miniature", which leads to environmental and 

cultural errors. The projection chapter draws upon and extends prior Australian government 

research programmes, the Pacific Climate Change Science Program (PCCSP, from 2009 to 2011) 

and the Pacific-Australia Climate Change Science Adaptation Planning (PACCSAP, from 2011 to 

2014). This content future projections follow the previous review of Gillespie and Burns in terms of 

general trajectory, with the advantage of improved GCMs and Coupled Model Intercomparison 

Project (CMIP) models. The sixth chapter continues this discussion with a particular focus on 

cyclones, given their importance in the region.
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The fourth chapter introduce a relative measure of susceptibility initially for small islands in the 

Pacific. Index values are developed for lithology, maximum elevation, area and circularity based on 

a four-point scale, and summed to calculate the index. The subsequent chapter conducts the same 

sort of analysis, but downscaled to provide coastal vulnerability assessments, with instability added 

as a complement to susceptibility. The seventh and eighth chapters look at impacts with regard to 

physical infrastructure and population distributions, especially with the concern of the impacts of 

sea levels and storm surges, whilst the tenth chapter compares marines resources instead, and the 

eleventh, freshwater resources, along with rainwater and evaporation. The twelfth chapter expands 

the issue of vulnerability and impacts to biodiversity in a more general sense, using endangered 

terrestrial vertebrate as a case example. Economic vulnerabilities are discussed in the thirteenth 

chapters. The ninth chapter reviews agriculture under future climate projects.

Combining the insights of these three major texts as a climate impacts literature review, there is 

overwhelming evidence that climate change impacts in the Pacific regions of interests are critical 

and have become increasingly so over the last twenty years. Whilst global models have to account 

for region-specific variations, there are definite relationships between the general features and 

specific examples of the Pacific island countries. The comparison between the older and newer 

studies indicates that whilst the impacts problems are the same, they have gradually increased in 

their seriousness as the time for mitigation by GHG-producing countries and adaption for 

vulnerable countries.

2.2 Climate Change Adaption Literature Review

The text "Status of Climate Change Adaptation in Asia and the Pacific" (Alam, Lee, & Sawhney, 

2019) contains a few relevant sections to the regions of interest. The first three chapters provide a 

high-level history of climate adaption policy, an assessment framework, and a regional overview, 

whereas only the sixth chapter looks at adaption specifically in the Pacific region. The history is 

useful, insofar that it locates climate change adaption within a trajectory from recognition of climate 

change and the need for adaption (1970s to 1980s, leading to the UNFCCC), the implementation of 

initial actions (the Marrakesh Accords in 2001, the Least Developed Country Fund (LDCF) for 

urgent adaptation needs and Special Climate Change Fund (SCCF), enhancement (Bali Action Plan 

(BAP) in 2007, the Adaptation Fund under Kyoto Protocol, the establishment of the UNFCCC 

Green Climate Fund (GCF) in 2010), and then monitoring and communication (Nairobi Work 

Programme, NWP), Lima Adaptation Knowledge Initiative (LAKI) following the Paris Accord). 

19



The adaption framework considers matters such as enhancement of adaptive capacity, resilience, 

and a reduction of vulnerability. The framework provides combines readiness and outcome-based 

approaches and suggests how past adjustments can be used as evidence to demonstrate 

effectiveness. The sixth chapter of this text reviews the status of climate change adaption in the 

Pacific using this framework, concentrating the fourteen independent Pacific SIDS, including 

mitigation as well as adaption strategies (e.g., photovoltaic electricity supply in Tokelau) and the 

lack of timelines on many local policies. In particular, "The Strategy for Resilient Development in 

the Pacific: An Integrated Approach to Climate Change and Disaster Risk Management" (published 

as the "Framework for Resilient Development in the Pacific" (Pacific Community, 2016)) provides 

a high-level strategic guidance how to enhance resilience to climate change. The issue of using 

project management techniques (time, resources, product) is critically raised in the final chapter 

whilst empowering local institutions with an emphasis on targeting the most vulnerable to impacts.

The second text under review, "Climate Change Adaptation in Pacific Countries" (Leal Filho, 2017) 

contains papers presented at the "Symposium on Climate Change Adaptation in the Pacific Region", 

held in Fiji in July 2016. It includes extensive case studies from Cook Islands, the Federated States 

of Micronesia, Tuvalu, the Marshall Islands, Palau, Fiji, Vanuatu, New Caledonia, Kiribati, 

Solomon Islands, Samoa, Tonga, and others, with two chapters concerned with Queensland and one 

a comparative study for migration from the Maldives. The twenty-six chapters are broken up into 

three parts with the mostly descriptive headings; "Implementing Climate Change Adaptation in 

Rural Areas and Communities", "Climate Change Adaptation, Resilience and Hazards", and 

"Information, Communication, Education and Training on Climate Change", and "Trends on 

Climate Change Adaptation", with the fourth part dedicated to operational aspects and policy, rather 

than impacts. 

In addition to this thematic breakdown, it is notable that the subject matter of the text is largely 

orientated toward building social resilience, rather than technological adaptions. The second 

chapter, for example, is dedicated to customary land and climate change induced relocation, the 

fourth to the mental health impact to extreme weather events, the seventh on social networks for 

disaster management, the thirteenth on the importance of gender equality, seven of the eight 

chapters of part three dedicated to education including the importance of a formal education sector 

for adaption and disaster risk reduction and lifelong learning. There are some exceptions; for 

example, the first chapter describes the implementation of marine resource management in the Cook 
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Islands, potable water in Kiribati, Micronesia, and Palau, erosion protection in the Marshall Islands, 

and agroforestry development in Tuvalu. The twelfth chapter is orientated toward the development 

of Pacific Climate Futures tool with climate change scenario projections for maritime supply chain 

stakeholders in order to avoid the expenses of maladaption, and the seventeenth chapter which 

applies dynamic management approaches to ensuring potable water supply in Kiribati (c.f., chapter 

one). Another pertinent example is from chapter twenty-six that argues planning should also be in 

place for accommodation that minimises impacts and, when necessary retreat and translocation of 

natural and cultural assets. 

The concern with local participation is the focus of the final two texts under review "Indigenous 

Pacific Approaches to Climate Change" (Bryant-Tokalau, 2018), and "Pacific Climate Cultures" 

(Crook, Rudiak-Gould, 2018). In the first book, the author notes that whilst global change is a 

relatively recent concern, extreme weather events have been part of Pacific Islander culture for 

many generations with responses that utilise TEK, using case studies from Solomon Islands, 

Vanuatu, Fiji and Kiribati, to show how TEK is being combined with modern scientific research. 

This emphasis on the validity of TEK and scientific knowledge is evident in institutional change; 

the Secretariat of the Pacific Regional Environment Programme (SPREP) has transformed to 

include more input staff, scientists, and NGOs became more prevalent, especially following the 

formation of the Alliance of Small Island States (AOSIS). A particularly evocative example are 

speculative plans (e.g., Shimizu Corporation's "Green Float Project") to build artificial islands when 

land reclamation and extensions are already part of Islander culture. Another example is given wit 

the use of Indigenous and Local Knowledge Systems (ILK) in reducing the devastating effects of 

Cyclone Winston in Fiji as part of a tradition of cyclone and flood effect amelioration. The 

concluding chapter raises the need for communication of local knowledge across the Pacific and, 

even then, whilst traditional means of adapting can serve for global models, the scale of 

contemporary climate change could still be too great.

The ten essays that make up the final text under review, "Pacific Climate Cultures" (Crook, Rudiak-

Gould, 2018) explicitly aim to compare Oceanic culture philosophies with the cause of climate 

change along with mitigation and adaption approaches. The traditional philosophies contain a great 

deal of local knowledge expressed through spiritual stories that emphasise the unity of existence, 

interdependence, and the need for circumspect balance. Ethnographic approaches such as IK and 

TEK should not be viewed as an indigenous equivalent of modern science, but rather as their own 

worldview, where factual, normative, and expressive claims are interwoven. Relevant cultural 
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expressions are found in the emotions of song culture and stories in Kiribati (chapters two and four) 

and artwork in Papua New Guinea (chapter eight). The importance of local knowledge and presence 

is illustrated in the sixth chapter, which raises the issue of Carteret Islands in the Autonomous 

Region of Bougainville, Papua New Guinea. Whilst subject to sea level rise, storm surges, and 

coastal erosion, media reports that the islanders are abandoning their home have been used more for 

illustrative purposes, rather than addressing matters of local livelihood or cultural adaption. This 

latter point is well made in the comparison of housing construction in traditional Samoan versus 

European styles when subject to cyclones (chapter seven) or how customary ownership rights have 

been applied for resource management in Gau Island, Fiji (chapter eight).

2.3 Climate Change Just Financing Literature Review

"The Economics of Climate Change: The Stern Review" (2007) is one of the well-known and 

comprehensive studies with twenty-seven chapters differentiated as six parts covering the overall 

approach, the financial cost of impacts, the economics of stabilisation, and the policies of 

mitigation, adaption, and international collective action. Written as a report for the United Kingdom 

government, there is an expected focus for "specific lessons" for that region that are screened from 

this review. Instead, the general economic principles are applicable in other contexts and often in 

global contexts. For example, the Review argues that the cost of climate change globally will be 5% 

of GDP per annum, and up to 20% if wider risks and impacts are taken into consideration, whereas 

the cost of action is estimated at 1% of GDP per annum. The scientific overview is also expressed in 

global terms even if some newer knowledge (such as the lifespan of different GHGs) is not 

included. The economic framework is derived from the classic contributions on externalities and 

public goods, special effects are emphasised, specifically the global impact, the persistence of 

effects, and the degree of uncertainty, noting that whilst mitigation is preferable to adaption on an 

overall basis, adaption is essential where impacts occur, and that wealthy countries have an 

historical obligation as emitters of GHGs to the most vulnerable people with a policy framework 

and ethic of "intertemporal equity" expressed through econometric analysis. 

The countries of interest in this research project are rarely mentioned by name. However, the broad 

application of the review and economic principles are applicable where categories fit Pacific 

developing countries. For example, the Review notes several relevant impacts of climate change; 

rising sea levels, flooding, ocean acidification, vector-borne diseases, species extinctions, etc. It is 

not surprising that emphasis is given to larger populations (e.g., sub-Saharan Africa, Asia, South 
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and Central America, Middle East) in these contexts, the Review makes the very pertinent point that 

whilst climate change is leading to a 5-10% decline in GDP on a global scale, it will have a 

disproportionate effect on developing countries (in excess of 10%), and especially on poorer 

communities among such countries that have limited adaptive capacity to challenges to their 

existential requirements (food security, water infrastructure, housing, clothing, health and 

medicines), coupled with increased potential of conflicts between and within states as essential 

resources become increasingly scarce.

As a preventative objective, the Review explores the possibility of the economics of stabilisation 

with seven chapters dedicated to the topic. This is where emissions cuts result in CO2e levels of 

around 500-550ppm, where early action will have greater effect than later action. Greater growth in 

emissions is expected in developing countries, including China, correlating with increased industrial 

production. However, the link between economic growth and GHGs is not necessarily causal, as 

non-GHG growth and energy efficiency can substitute GHG-driven growth. As policy responses, 

mitigation of GHG emissions can be achieved through instruments such carbon pricing and 

emissions markets coupled with investments in mitigating technologies. For developing countries, 

welfare measures (health and education), economic development and diversification, risk pooling, 

etc are all seen as part of improving adaptive capacity. Noting the existence and necessity of 

international collective action, the Review considers the role of economic experiments in game 

theory and the commons, in the context of multilateral agreements, which should include a global 

carbon price and investment to transition to a low-carbon economy and land-use change.

Moving to a legal application, "The Third Pillar of International Climate change Policy" (Broberg & 

Romera, 2021) represents a series of essays on the topic derived from the journal Climate Policy, 

volume 20, issue 6 (October 2020) with one chapter from volume 20, issue 5 of the same journal. It 

must be noted that the proposals for reparations from climate damages are not necessarily linked to 

the application of adaption technologies, but rather it is an argument of this study that it is effective 

to do so. The topic comes from Article 8 of the Paris Agreement: "Parties recognize the importance 

of averting, minimizing and addressing loss and damage associated with the adverse effects of 

climate change, including extreme weather events and slow onset events, and the role of sustainable 

development in reducing the risk of loss and damage" (UNFCCC, 2015). The opening chapter 

(Nordlander, Pill, Martinez Romera, 2020) notes that the proposal has its origins with discussions 

from the AOSIS in 1991, although due to resistance from developed nations it was not until COP 19 

in Warsaw that saw the establishment of the Warsaw International Mechanism for Loss and Damage 
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(WIM). "Loss and damage" is distinguished from adaption in three different models; one where it is 

seen as "beyond adaption", one as "intolerable risk", and one where it is categorised as 

"unavoidable impact". 

A further question is whether loss and damage claims, where it can be shown that human-activity is 

the cause, can be enforced as litigation, or whether it should be applied through an insurance 

scheme. The fifth chapter (Doelle & Seck, 2020) explores the complex possibilities of a litigation 

approach, examining the range of bodies whom the claim may be addressed, the actionable wrongs 

at play, the nature of the harm, the plainti , the legal system involved, and the remedies sought. ff

"Loss and damage" is not defined in the UN climate regime, and as a result a patchwork of 

domestic and international legal approaches as possible. An alternative to litigation is insurance, 

with an exploration of parametric insurance in chapter two (Broberg, 2020), where payments are 

triggered when predefined parameters being met, which has greater ease to calculate payment. In a 

related manner, the third chapter (Thomas & Benjamin, 2020) explores what this means for non-

economic loss and damage, using examples of displacement in the Caribbean, which has the 

Caribbean Catastrophe Risk Insurance Facility (CCRIF) as a type of parametric insurance. The sixth 

chapter (Wewerinke-Singh & Salili, 2020), using the example of Vanuatu, how that country 

explored legal action through the Executive Committee of the WIM following a demonstrated 

increase in frequency and intensity of extreme weather events, attributable to climate change. 

Following this, Vanuatu has been arguing for a Climate Damages Tax to generate finance for loss 

and damage claims. The authors argue that state-based international litigation serves as a powerful 

multilateral negotiating tool. 

This possibility of using international law to systemically apply principles of responsibility for 

climate damage comes in conflict with the behaviour of actual states, explored in "How States 

Think : The Rationality of Foreign Policy" (Mearsheimer & Rosato, 2023), which argues for the 

"offensive realism" school of international relations. There is little in this book that addresses 

Pacific issues and none which discuss matters of climate change. How it is relevant is that is 

provides a context for the behaviour of States from the perspective of rationality for the individual 

State, where they seek to maximise power, minimise responsibility, and counter prevailing forces. 

None of this is meant to raise a moral criticism in this context (an excellent argument for the 

morality of torts can be found in Steel, 2021), but rather to note that States, in the model of 

Weberian sociology, engage in a deliberative process of robust debate and credible theory, grounded 

in causal logic and empirical evidence, for strategic rationality in an environment of uncertainty. All 
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of this raises the challenging lens for consideration of climate change adaption; why would a 

powerful GHG-emitting country contribute to either an insurance fund or pay an international tort, 

if it is not in their interest do so? 

3. Methodology and Methods

3.1 Methodology

Although commonly conflated, even in academic circles, a distinction is drawn in this project 

between methodology and methods. Methodology is defined here as the theoretical understanding, 

definition, and critique to selecting particular methods to an area of study (Howell, 2015). A 

methodology must have a strong philosophical grounding and understanding of what sort of area is 

under investigation and what sort of questions are being asked. If the methodological approach is 

not sound, incorrect methods will be chosen, and as a result the research outcomes will suboptimal 

and confused. This is typically avoided by a supposed distinction between between "facts" and 

"value", where the former is represented by positive or descriptive statements, verified by empirical 

observation, and the latter includes normative and aesthetic statements, verified by axiological 

means.

Philosophical foundations in research can be describes as a process from determining what exists 

(ontology), knowledge of the existence (epistemology), the approach to acquire particular 

knowledge (methodology), then selection of appropriate acquisition tools (methods), and finally the 

data that the research project will collect (sources) (Daniel & Harland, 2018, p23). Rather than a 

simple progressive sequence, there is some feedback and recursion; epistemologies for example, by 

providing novel interpretations, may reveal ontologies. Research paradigms often combine 

ontological and epistemological approaches, such as positivism, critical realism, and constructivism. 

Most however are based on a subject-centred approach to phenomenon of consciousness in 

ontology with a formal semantic approach to epistemology, and general acceptance of the fact-value 

distinction. These problems can be elucidated as follows; firstly,consciousness (con sciens, "shared 

knowledge") is developed subjectively but through recognition of shared symbolic values, that are 

developmentally-dependent, A formal semantic epistemology lacks a consideration of the 

development of meaning (Wittgenstein's "language game") and linguistic pragmatics. Finally, the 

fact-value distinction is challenged by perspectives of moral realism. 
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These commonalities all lead to a common methodological problem, that the concept of "value" is 

too broad, and the concept of universal rational decisions is too narrow, restricted to matters of 

effect and efficiency only. It is also results in a choice of methods that is limited to quantitative 

(evaluated on the facts), qualitative (evaluated on interpretations), or a mixture of the two, and 

where the incorrect modal choice is made, it is certainly appropriate to describe the research as 

using "muddled methods" rather than "mixed methods". An alternative philosophical approach is to 

use the contemporary pragmatic philosophy of formal pragmatics (Habermas, 1979). Formal 

pragmatics unites ontological and epistemological concerns by developing a rationalisation complex 

of ontological world orientations ("the objective world", "our intersubjective world", and "my 

subjective world") with specific epistemological verification claims (factual propositions, normative 

propositions, expressive propositions). In this sense a proposition can be evaluated on whether it 

factually accords to external correspondence, or whether a particular conduct accords with morally 

universal principles of participant consensus, or whether an expression is a sincere representation of 

a perspective. Formal pragmatics does not that there are some rationalisation complexes that are 

unverifiable (e.g., moral content of colours) and that there are other statements which are not even 

within the realm of an empirico-rational context and which can only be tested in terms of their 

consistency and coherence.

Table 2: Rationalisation Complexes of Formal Pragmatics 

(Elaborated from Habermas, 1984 Vol I, p239)

Unverifiable 

Metaphysics
Physicalist, Symbolist, Idealist Theology

Verifiable Reality Logical and Empirical Philosophy

Orientations/Worlds 

(verification)

1. Objective or "The" 

External World

2.Intersubective or "Our" 

Social World

3. Subjective or "My" 

Internal World

1. Propositions of Truth - 

Sciences 

(correspondence)

Scientific facts Social facts Unverifiable

2. Propositions of Justice 

- Laws (consensus)
Unverifiable Legal Norms Moral Norms

3. Propositions of Beauty Aesthetic Expressions Unverifiable Sensual Expressions
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– Arts (sincerity)

3.2 Methods for Impacts

Climatology is a complex and dynamic science, involving astronomy (e.g., solar irradiation), 

atmospherics (e.g., atmospheric circulation), oceanography (e.g., surface and deep-sea currents, 

thermohaline circulation), and terrestrial geophysical processes (e.g., volcanics). Using similar 

datasets as meteorology (e.g., temperature, precipitation, pressure) the discipline is differentiated by 

a concern with averaged weather conditions over an extended period of time and the trends that 

arise. Climate change methods, in a general sense, are preferably based on the instrument records 

when available, and proxy records when they are not. Measuring instruments include thermometers, 

barometers, anemometers, hygrometers, rain gauges, pyranometers, and various remote sensing 

tools from satellites, buoys, and submersibles. Proxy indicators include historical documents, tree 

rings and corals, the contents of ice cores (e.g., stable isotopes, salts and acids, trace gases), 

mountain glacier moraines, lake and ocean sediments, and borehole measurements (IPCC, 2001, 

p130-133). Instrument records are more commonly associated with modern climatology (c1850 

onwards) and proxy records, depending on their age, with historical (pre-1850), and 

paleoclimatological studies.

As with other sciences, a hypothesis is formed of a causal relationship between events (e.g., 

increases in GHG emissions are a force for increased temperature) which is then tested against the 

empirical data, producing statistical trends ("climatology" literally translates from klima, "slope" 

and logia, "logic"), from which models can be derived to provide forecasting and increasing 

accuracy through hindcasting. Climate models are differentiated between General Climate Models 

(GCMs) and Regional Climate Models, the latter use for grid scales of grid sizes of 300km and less 

(Sweeney, 2009, p147-155). Insofar that modern climate change is significantly driven by human 

activity, predictive climate forecasting provides multiple scenarios based on policy applications.

As described in the literature review, whilst the broad perspective of General Climate Models are 

generally applicable, there are specific requirements for consideration in the Pacific. Most 

obviously, the Pacific is directly affected by ENSO's variation of sea surface temperatures in the 

central and eastern equatorial Pacific, resulting in altered precipitation patterns, droughts, and 

floods. A similar, albeit less extreme, phenomenon in the North Pacific, PDO, persisting over 20 to 
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30 years. The Pacific is also particularly prone to tropical cyclones, typhoons, and other storms that 

especially have an storm surge effect on physically vulnerable small islands. Such small islands and 

especially atolls are also particularly vulnerable to sea-level rise, saltwater inundation, along with 

these extreme weather events, which significantly affect marine and terrestrial coastal zones. Such 

islands are particularly affected by geophysical events as a result of typically being on tectonic 

plates and subject to volcanic events. Another issue that is noted for Pacific Islands in this project is 

the significant gaps in the instrument record. The Pacific is a very large area and the countries in 

question are often financially ill-equipped for sophisticated data collection.

As a result, the actual methods used here primarily involve extrapolation from existing scientific 

data sources from regional evaluations. Several Australian and international research agencies, 

including the CSIRO, Geoscience Australia, and SPREP provides a Pacific Climate Change Science 

and Services Outreach Project with past, current and possible future climate for partner countries 

and draws upon previous projects funded through the Australia government (PACCAP, PCCSP), 

and includes an evaluations of sea-level rise and extreme weather events, which can be 

supplemented with topographical data of islands from "Climate Change and Impacts in the Pacific" 

(Kumar, 2020. The Climate Data Knowledge Portal (CCKP) of the World Bank (Word Bank Group, 

2021) provides historic mean, minimum and maximum temperatures and precipitation, with annual 

and seasonal information, in addition to country-by-country profiles, which can be supplemented 

with National Communications from various countries to the UNFCCC. The observational data of 

the CCKP is sourced from the Climatic Research Unit (CRU) of the University of East Anglia. 

From the last two climatic periods provided (1961-1990 and 1991-2020), a simple forecast can be 

made on current rate from previous change, rather than using-scenario based extrapolations which 

are policy dependent. Likewise, sea level rises and extrapolated values come from the University of 

Hawai'i Sea Level Centre (UHSLC), using tide gauge data from the UHSLC Fast-Delivery 

database, and Ssalto/Duacs altimeter by the E.U. CMEMS. 

 

3.3 Methods for Adaption

If impacts are correctly identified, then the prospect of more optimal adaption is heightened. 

However, determining the appropriate adaptions for implementation involves a more 

multidisciplinary approach that includes the physical sciences (technological and ecological 

adaptions) and implementation in accordance to social norms (political economy, legal system, 

institutional policies, public stakeholders). The core framework for adaption is very well known, 
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and has been elucidated in multiple IPCC reports (e.g., IPCC 2001a, IPCC 2022 see Figure 4) and is 

reiterated here. Climate change events are an effect on physical and social environments that have 

exposure and vulnerability. Effects may be direct (increase in temperature causing change in 

agricultural yields) or indirect (increase in temperature generating more extreme weather effects, 

causing sea-water inundation, causing a change in agricultural yields). Exposure occurs with the 

presence of people and ecosystems that could be adversely affected by climate change. 

Vulnerability represents a predisposition for adverse effects, including susceptibility to effects and a 

lack of adaptive capacity along some measure (Fritzsche, et al, 2016, pp20-25, see Figure 5), and is 

often framed in terms of "outcome vulnerability" or "contextual vulnerability", representing a 

physical-scientific or human-security approach, respectively (O'Brien et al, 2007). 

Figure 4: Scope of the Working Group II assessment (IPCC, 2001a)

The combination of impacts and exposure generates initial effects. Human and natural systems 

adapt autonomously to climate change effects, which result in residual or net impacts, which can 

include significant and irreversible damage (in the context of interest, the literal disappearance of 

islands is the most dramatic). Policy responses generate planned adaption to the impacts and 

vulnerabilities. Following the IPCC, Adaptation is therefore defined as a process of adjustment to 
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actual or expected climate change effects in order to reduce harmful effects or reap beneficial 

opportunities or both simultaneously, and thus follows a similar process to those well-established 

methods in risk management, and follows the general stages of (a) awareness, (b) assessment, (c) 

planning, (d) implementation and (e) monitoring and evaluation (IPCC, 2022, p43). Evaluating 

adaption focuses primarily on cross-sectional and simulation studies whilst panel weather studies 

can illustrate adaptation to weather shocks but not adaptation to changes in mean climate (Massetti 

& Mendelsohn, 2018). In addition to usual issues of complexity, low-income developing countries 

are particularly challenging when implementing adaptions, due to their high vulnerability, reduced 

levels of adaptive capacity, underdeveloped and often weak institutional bodies, complex 

relationships between formal laws and cultural norms, and finding appropriately qualified staff 

(Biesbroek et al, 2013). Systemic reviews of adaptions by small island States illustrates significant 

documented diversity even where there is a commonality of impacts (Klöck & Nunn, 2019). 

Figure 5: Components of Vulnerability (Fritzsche, op cit, p20)

30



Existing evidence from multiple examples - water supply and watershed protected areas in in the 

Federated States of Micronesia, climate-smart agriculture in Papua New Guinea, climate 

development plans in Palau (Mcleod et al, 2019), reforestation in Timor-Leste (Bond et al, 2020) - 

illustrates the importance of using local ecosystem knowledge is paramount in responding and 

adapting to climate change, using scientific principles as a resource and guide. The example 

adaption implementations confirmed the barriers raised that confront low-income countries. The 

lack of technical and financial capacity was challenging, as was the complexity involved in land 

tenure structures commonly follow traditional or tribal governance systems where they conflicted 

with formal law. In addition, the remoteness of islands meant higher transportation costs and more 

complex logistics. The lower population also meant decreased interest from international donors. 

Finally, there was often the challenging of scaling; each of the examples were applied according to 

very local communities; the water supply in the Federated States of Micronesia was for Oneisomw 

island located in Chuuk State with a population of 638 inhabitants, whereas the watershed protected 

area was for Tamil municipality with a total population of 1200 people. The climate-smart 

agriculture was for Ahus, off the coast of Manus Island in Papua New Guinea with a population of 

700. The examples do, however, illustrate the advantage of ecosystem-based adaption approaches in 

Pacific Island communities as being best suited to target the specific vulnerabilities of the small 

islands (Hill et al, 2013).

3.3 Methods for Financing

Financing adaptions to the impact of climate change has been described with a series of cascading 

questions: "Who is responsible for causing the climate change problem? Who should be held 

responsible for possible damages that result? Should those responsible for contributing to damage 

compensate those who suffered them? Should they assist in helping them to adapt so as to reduce 

these damages? What would be a fair division of liability and compensation? What is the capacity 

of countries to contribute to international financing?" (Dellink et al, 2009). An initial method for 

financing must, of course, involve an estimation of costs for adaption (Narain et al, 2016). This 

would involve calculation on GHG emissions, based on global warming potential (GWP) of the 

particular GHG emissions. An additional value would include the removal of natural GHG-

absorbing features from, for example, land-clearing or benefits accrued from afforestation. From 

this sum a subtraction can be made from the natural capacity for absorption (see Figure 6), resulting 

in a net value of compensation owed to a global pool. 
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This inevitably leads to discussion and analysis of international political economy (IPE) which 

makes up the second method of consideration for finances. Whilst the subject of climate change has 

been largely overlooked by this discipline (for exceptions see: Gomez-Echeverri, 2013., Paterson, 

2020), it also provides the tools, starting from the basic principles of associating factors of 

production (land, labour, capital) to economic classes (landlord, worker, capitalist) and the role of 

the State and its institutions in protecting and promoting a particular political economic system.  

IPE can also help understand the dynamics that lead to collapse or a radical transformation of 

existing representations of "corporate power, financialisation, geopolitical rivalries, resource 

competition, inequalities and injustices" (Paterson, ibid). Whilst existing IPE scholarship of climate 

change has largely investigated the financial requirements alone. A more challenging issues such as 

the assumption of growth within the finite stock of non-renewable resources and the prospect of 

degrowth is insufficiently considered. In the context of the Pacific the appropriate method will 

involve both the influence of major political entities and how their economic interests influence 

climate change adaption from the perspective of larger, developed industrialised regional nations 

(e.g., the United States, China, Australia, Japan, France) and within the Pacific islands themselves 

(colonial administrations, traditional class structures), and use of foreign aid in the Pacific, as will 

elsewhere, as a tool to ensure compliance and leverage.

Another perspective reviews the successes of the success of collective action by Pacific Island 

countries through bodies such as AOSIS, where the existential importance of climate change to such 

countries has generated a high degree of unity of position, backed by scientific evidence (de Águeda 

Corneloup & Mol, 2014). As a result of the consistent unity of purpose and position, the Paris 

Accord contains ambitious targets that are legally binding (if not enforceable), with several positive 

statements that recognise the special circumstances of small island countries, with the explicit 

recognition on matters of mitigation, finance, capacity building, and transparency issues (UNFCCC 

2015a), and especially the recognition of loss and damage (Ourbak, & Magnan, 2018). However the 

Agreement clearly states "the Article 8 of the Agreement does not involve or provide a basis for any 

liability or compensation" (paragraph 51 of decision 1/CP. 21) and, notably, US climate envoy John 

Kerry said the US would not pay climate reparations "under any circumstances" (Slow, 2023).  This 

refusal illustrates that the systemic rationality advocated by developed nations apparently only 

applies when convenient, indicating a lack of responsibility, consistency, and credibility of such 

countries. How developing Pacific Island nations can further use what power they have to acquire 

and control funds, either in a compensatory or other manner, becomes the third method for 

consideration. 
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Figure 6: The Carbon Cycle (Riebeek, 2011)

4. Findings and Discussion

4.1 Impacts of Climate Change

As described in the impact methods section, an initial analysis it taken to provide extrapolations 

from the observations of last two climatic periods from data sourced from the CRU for average 

mean surface temperature, average minimum surface air temperature, average maximum surface air 

temperature, and aggregated annual accumulated precipitation. Extrapolated data is for aggregated 

accumulated precipitation and temperature and covers the 2021-2050 and 2051-2080 climatic 

periods, which smooths variation within those periods. Consistent with the CRU data, values are 
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rounded to two decimal places. Extrapolated trends are determined from the preceding two periods, 

providing long-term trends. A ratio between minimum and maximum mean surface temperature will 

provide temperature variation.

Table 3: Average Mean Surface Air Temperature

Country 1901-1930 1931-1960 1961-1990 1991-2020 2021-2050 2051

-

2080

Cook Islands 24.25 24.45 24.51 24.72 24.72 24.7

2

Fiji 24.37 24.41 24.36 24.69 24.94 25.1

9

Kiribati 27.78 27.63 27.68 27.77 27.85 27.9
3

Marshall Islands 27.53 27.59 27.51 28.01 28.51 29.0
2

Micronesia, FS 26.94 26.82 27.01 27.29 27.57 27.8

5

Nauru 27.81 27.71 27.74 27.83 27.91 27.9

9

New Caledonia 22.48 22.39 22.31 22.70 23.09 23.4
8

Northern Mariana Islands 27.28 27.17 27.31 27.60 27.88 28.1

6

Palau 27.42 27.38 27.54 27.90 28.18 28.4

6

Samoa 26.47 26.81 26.79 27.58 28.41 29.2

6

Solomon Islands 25.89 25.89 25.89 25.93 26.32 26.7
1

Tonga 24.50 24.68 24.64 25.01 25.51 26.0

2
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Tuvalu 28.22 28.35 28.22 28.62 28.91 29.2

0

Vanuatu 24.14 24.09 24.10 24.45 24.69 24.9

4

Table 4: Average Minimum Surface Air Temperature

Country 1901-1930 1931-1960 1961-1990 1991-2020 2021-2050 2051-

2080

Cook Islands 21.33 21.39 21.56 21.80 22.02 22.24

Fiji 20.74 20.71 20.46 20.71 20.92 21.13

Kiribati 19.66 24.8 24.55 24.64 24.74 24.84

Marshall 

Islands

24.84 24.98 24.82 25.54 26.28 27.04

Micronesia, 

FS

23.51 23.48 23.54 23.81 24.05 24.29

Nauru 24.68 24.57 24.60 24.70 24.80 24.90

New 

Caledonia

19.10 18.98 18.96 19.24 19.51 19.78

Northern 

Mariana 

Islands

24.52 24.41 24.47 24.74 24.99 25.24

Palau 24.05 24.03 24.16 24.53 25.02 25.52

Samoa 23.68 24.01 23.91 24.89 25.89 26.92

Solomon 

Islands

21.14 22.23 22.13 22.20 22.27 22.34

Tonga 21.82 21.99 22.01 22.41 22.86 23.32

Tuvalu 25.19 25.28 25.18 25.54 25.79 26.05

Vanuatu 20.65 20.59 20.61 20.92 21.34 21.77
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Table 5: Average Maximum Surface Air Temperature

Country 1901-1930 1931-1960 1961-1990 1991-2020 2021-2050 2051-

2080

Cook Islands 27.28 27.56 27.52 27.69 27.97 28.25

Fiji 28.04 28.17 28.31 28.71 29.00 29.29

Kiribati 30.96 30.82 30.86 30.94 31.03 31.12

Marshall 

Islands

30.72 30.31 30.26 30.54 30.81 31.09

Micronesia, 

FS

30.42 30.24 30.53 30.81 31.12 31.43

Nauru 30.97 30.87 30.90 30.99 31.08 31.17

New 

Caledonia

25.83 25.86 25.71 26.21 26.71 27.22

Northern 

Mariana 

Islands

30.16 29.99 30.20 30.52 30.83 31.14

Palau 30.85 30.80 30.98 31.34 31.65 31.97

Samoa 29.29 29.66 29.72 30.33 30.94 31.56

Solomon 

Islands

29.69 29.59 29.70 29.70 29.70 29.70

Tonga 27.24 27.43 27.31 27.68 27.96 28.24

Tuvalu 31.29 31.47 31.32 31.74 32.06 32.38

Vanuatu 27.69 27.65 27.65 28.02 28.30 28.58

Table 6: Aggregated annual accumulated precipitation

Country 1901-1930 1931-1960 1961-1990 1991-2020 2021-2050 2051-

2080

Cook Islands 2004.22 2023.75 2064.12 1955.91 1858.11 1765.2

0
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Fiji 2414.72 2524.47 2330.77 2493.33 2667.86 2854.6

1

Kiribati 1400 1320.53 1408.90 1420.52 1431.88 1443.3
4

Marshall 

Islands

2745.49 2765.60 2740.64 2664.61 2590.00 2517.4
8

Micronesia, 

FS

4067.75 4114.90 4046.73 3913.58 3784.43 3659.5
4

Nauru 2422.00 2114.35 2383.75 2433.27 2481.94 2531.5

8

New 

Caledonia

1666.04 1795.29 1736.96 1573.49 1425.58 1291.5
8

Northern 

Mariana 

Islands

1969.76 1869.81 2012.57 1982.21 1952.48 1923.1
9

Palau 3598.95 3534.41 3552.58 3398.16 3262.23 3131.7

4

Samoa 2843.69 3032.64 3037.71 3161.40 3287.86 3419.3

7

Solomon 

Islands

3183.75 3184.58 3193.95 3178.63 3162.74 3146.9
3

Tonga 1710.78 1745.03 1726.34 1708.50 1691.42 1674.5

1

Tuvalu 2854.27 2856.86 2845.95 2813.70 2785.56 2757.7

0

Vanuatu 2827.09 2819.50 2821.33 2594.41 2385.82 2194.9

5

The results confirm existing trends and research of a general principle of increasing temperature, 

with mixed results for precipitation.  There are no examples of a cooling trend on any of the 

populated regions of interest, although the slight cooling of eastern tropical South Pacific off the 
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coast of South America must be noted. Further, it also must be noted that the warming of the Pacific 

Islands is notably less extreme than what is experienced on continental land-masses (especially in 

the northern hemisphere) due to the heat uptake and resultant thermal inertia of the vast Pacific 

Ocean (Resplandy et al, 2018), resulting in ocean acidification that affects corals, other marine 

habitats, and fisheries (Johnson, et al, 2015., Lebrec et al, 2019., Lam et al, 2020., Dutra et al, 

2021). Regional effects are important; despite an increase in global warming from the period 1961-

2020, the observed precipitation trend in New Caledonia, Solomon Islands, and Vanuatu, for 

example, has declined. Extrapolated values have much to do with the how the SPCZ changes. If it 

moves south it will be warmer and drier, if it moves north it will be warmer and wetter) (CSIRO & 

SPREP, 2021). Weather extremes are increasingly probable with global warming; with a marine 

heat wave affecting the northeast Pacific in 2013-2015, with an upper ocean temperature up to 

6.2°C relative to 2002–2012 (Gentemann et al., 2017) resulting in a collapse of sea star populations 

with a disease outbreak. 

Warmer weather increases the probability of storms and increased tropical and extra-tropical 

cyclone risk for the Pacific (Kuleshov et al, 2014., McGree et al, 2019) with health implications for 

populated areas (Hashim, et al, 2016) as low-lying areas are affected by storm surges and flooding 

(Mentaschi et al, 2017). Evidence from the past four decades illustrates the increase in major 

intensity tropical cyclones globally and in the Pacific (Kossin et al., 2020), even if numbers are 

declining (Chand et al, 2022). Sea level rise is directly attributable to GHGs and increasing 

temperature through thermal expansion from the warming of the ocean and increased melting of 

land-based ice. Observed sea-level rise shows significant regional variation and relative sea-level 

rise due to land movement (Esteban, 2019., Esteban, 2020) with notable decadal influences from 

ENSO. Geomorphology indicates that there are pressures causing island area growth, typically 

where healthy coral reefs produce additional sediment, even as sea levels increase (Kench et al, 

2018). Over the longer term data from the UHSLC (Caldwell et al, 2015), illustrate notable sea 

level increases of several mm per year in the Northern and Western Pacific, but lesser effects in the 

Eastern Pacific (See Figure 7). Observed and extrapolated data to 2050 based, based on the earliest 

measurement for each year on daily values. Where the initial date is after 1993 the earliest possible 

date has been used, or the first record of 1993 where earlier values exist. Where the UHSLC has 

multiple results for a single country the first ordinal identifier is selected (e.g., Pohnpei (001) rather 

than Chuuk (054). The data and extrapolations confirm existing research.
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Figure 7: Sea Level Rise Trend (1993-2023)

Table 7: Sea Level Observed and Extrapolated

Country and 

Site

American 

Samoa (Pago 

Pago, 056)

1299 (1993) 1478 (2023) 5.97mm/yr 1639 (2050) 1818 

(2080)

Cook Islands 

(Rarotonga, 

023)

653 (2023) 695 (2023) 1.4mm/yr 733 (2050) 775 

(2080) 

Fiji (Suva, 018) 1065 (1998) 1307 (2023) 9.68mm/yr 1568 (2050) 1858 

(2080)

French 

Polynesia 

(Papeete, 015)

1177 (1993) 1212 (2023) 1.17mm/yr 1244 (2050) 1279 

(2080)
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Guam (Guam, 

053)

652 (1993) 897 (2023) 8.17mm/yr 1118 (2050) 1363 

(2050)

Kiribati (Tarawa 

Bairiki, 002)

1644 (1993) 1823 (2023) 5.97mm/yr 1984 (2050) 2163 

(2080)

Marshall Islands 

(Majuro, 005)

944 (1993) 1057 (2023) 3.77mm/yr 1159 (2050) 1272 

(2080)

Micronesia, FS 

(Pohnpei, 001)

584 (2001) 696 (2023) 5.09mm/yr 833 (2050) 986 

(2080)

Nauru (Nauru, 

004)

1324 (1993) 1561 (2023) 7.9mm/yr 1774 (2050) 2011 

(2080)

New Caledonia 

(Noumea, 019)

985 (1993) 1041 (2023) 1.87mm/yr 1091 (2050) 1147 

(2080)

Niue (Alofi, 

598)

739 (2015) 817 (2020) 15.6mm/yr 1285 (2050) 1753 

(2080)

Marshall Islands 

(Majuro, 005)

944 (1993) 1057 (2023) 3.77mm/yr 1159 (2050) 1272 

(2080)

Palau (Malakal, 

007)

1423 (1993) 1531 (2023) 3.6mm/yr 1630 (2050) 1740 

(2080)

Samoa (Apia, 

401)

670 (1993) 965 (2023) 9.83mm/yr 1230 (2050) 1525 

(2080)

Solomon Islands 

(Honiara, 009)

594 (1994) 646 (2023) 1.79mm/yr 694 (2050) 748 

(2050)

Tonga 

(Nuku'alofa, 

038)

1078 (1993) 1074 (2023) -.13mm/yr 1070 (2050) 1067 

(2080)

Tuvalu 

(Funafuti, 025)

1955 (1993) 2057 (2023) 3.4mm/yr 2149 (2050) 2251 

(2080)

Vanuatu (Port 

Vila, 046)

907 (1993) 919 (2023) 0.4mm/yr 930 (2050) 942 

(2050)
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4.2 Adaptions for Climate Change

The impacts findings concur with the existing literature that GHG emissions have lead to an 

increase in global and regional temperatures, which in turn results in sea-level rise, more extreme 

weather, seawater inundations, varied precipitation, ocean acidification, and ecosystem damage. 

Most of these effects are on coastal areas, where the overwhelming majority of people and where 

fishing and agriculture takes place. Applying the methods for adaption (section 3.3), the issue of 

effective sea level rise is the most pressing for adaption as it affects physical coastline infrastructure 

(e.g., housing, roads, etc), potable water supply, coastal ecosystems and agriculture; over 50% of 

the population Pacific countries and territories live within 1km of the coast (Andrew, 2019). Issues 

like ocean acifidication, whilst they do have some adaption measures explored here, are more an 

issue of mitigation. The geography of island types illustrates differentiated exposure; for example 

continental islands prone to storm surges due to slope bathymetry, whereas reef island atolls more 

easily overwhelmed from extreme weather effects and inundation, raised limestone islands typically 

are lacking in freshwater supply, and volcanic islands are more subject to limited living space 

around the coastal regions and are also prone to flash floods. (Kumar et al 2018). 

Five adaption approaches are considered here, as a response to net impacts. The first is the use of 

mangrove and other foliage forestation for coastal protection against sea-level rise, extreme weather 

events, and sea-water inundation. The second is the use of hard defences (sea walls, etc) and 

artificial reefs for the same purpose. The third is the collection of rainwater for agriculture and 

potable water. The fourth is alterations to agricultural and fishing practises (with additional 

application for ocean acidifications), and the fifth alterations to infrastructure and habitation. A 

common thread that runs throughout all these proposed adaptions is the importance of adaption 

governance and policy that incorporates TEK. Whereas impacts represent physical events, adaptions 

represent the response of people to those events and thus requires the consent of the governed in 

order to be effective. Existing studies illustrate the complexity of the localised politics with regards 

to climate change policy among Pacific island communities, but also how it climate change is 

altering politics within these communities (Barbara et al, 2022). It is noted that these adaption 

suggestions independently align with the priority areas Pacific Adaptation to Climate Change 

programme of SPREP (Ronneberg, & Leavai, 2019).

Mangrove deforestation in the Pacific has been recognised as causal factor in coastal erosion and 

effective sea level, in addition to ecosystem damage, for many years (Gilman et al, 2006), with 
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extensive global losses to mangrove areas from 1990 onward, driven by human activities (Ghandi & 

Jones, 2019, Bhowmik et al, 2022), including climate change, coastal development, pollution, flow 

modification, agricultural and aquaculture expansion, and logging for fuel and timber. A study of 

Fijian mangrove loss attributed 77% to tropical cyclones (Cameron et al, 2021). Mangrove species 

diversity is highest on the coastlines of Papua New Guinea and its islands and reduce in diversity 

from west to east to a limit at American Samoa. As a result to species sensitivity, the importance of 

TEK is always important, but especially so when it comes to mangrove reforestation and 

afforestation. The American mangrove (Rhizophora mangle), for example, is native to the American 

tropics, but is considered an invasive pest in Hawai'i where it has replaced native mangrove species 

in tidal habitats (Szafranski et al, 2024). 

As a result of issues like these, "best practise" guidelines have been compiled by the Global 

Mangrove Alliance and the Blue Carbon Initiative which includes the University of Queensland, 

Conservation International, Wetlands International, Blue Marine Foundation and the International 

Blue Carbon Institute (Beeston eta al, 2023). Recent examples of mangrove reforestation include 

planting of six thousand seedlings in Tonga in 2023, as part of the "1 Million Trees" project of the 

Department of Environment and Climate Change, the Nawi (Fiji) Island's Mangrove Rehabilitation 

Program launched in 2022, and the Moataa mangrove project of Samoa, launched in 2021. Other 

foliage species of interest for reforestation include seagrasses (Waycott et al, 2009) and, combining 

both food security and soil stability, the breadfruit tree (Artocarpus altilis) (McGregor et al, 2016., 

Mausio et al 2020) and coconut palms (Cocos nucifera) has contributed to climate change 

adaptation and also to mitigation (Nair et al, 2018).

These "soft defences" are generally considered preferable to "hard defences" against sea level 

increases (seawalls, groynes, breakwaters, and revetments) or building modifications for additional 

height, with seaward modification (e.g., land reclamation through artificial dunes). Seawalls and 

breakwaters are a low-maintenance and very effective long-term means to preventing coastal 

erosion, especially from rising sea levels and storms, and become even more effective when 

coupled with shaped armour revetment (e.g., tetrapods, dolos, xblocs) that break up the force of 

waves, and reduce displacement by interlocking pieces. Where longshore drift exists, a succession 

of groynes can be used in preference. However, they all directly impact on coastal dynamics and the 

exchange of sediment between land and sea, thus requiring some form of soft engineering for beach 

replenishment (Mackey & Ware, 2017., Masucci, et al 2020., Saengsupavanich et al, 20222). 
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Many Pacific islands rely heavily on groundwater (Dixon-Jain et al, 2014), although this varies 

significantly due to topography, lithography, and soils. Mountainous volcanic islands will often 

have surface and groundwater, whilst low-lying coral sand and limestone islands have only very 

limited groundwater, often in the form of a freshwater lens of groundwater floating above denser 

saltwater. These supplies of potable and agricultural water is challenged by sea level rise, saltwater 

inundation, and population and developmental pressures that not just use the supply, but also 

contaminate it. Nauru is a particularly pertinent example of the latter where water and air quality 

has been affected by phosphate dust pollution and cadmium pollution and where water resources on 

the island are only capable of providing 32 litre per day - far below the World Health Organisation's 

recommendation of 50 litres per day (Deiye et al. 2013).

Rainwater collection is already common in the Pacific islands and community awareness of water 

conservation practises is strong (Falkland & White, 2020). Despite this, there is a some limited 

evidence that household water tanks are more efficient than communual tanks (Foster et al, 2021). 

The appropriateness of construction materials must also be considered; concrete tanks and 

fibreglass are prone to cracking in geologically unstable areas, whereas steel and even galvanised 

steel will succumb to saltwater corrosion. Ferrocement composite tanks have greater longevity and 

are resistant to cracking (El-Sayed, et al 2023) and whereas polyethylene tanks have a good 

lifespan, are inexpensive, sometimes locally produced, but can decompose to include benzene, 

alkylbenzene and other semi-volatile compounds, such as ketones and aldehydes (de Oliveira et al, 

2019). Desalination plants have been installed (e.g., Nauru), but have a high capital and operational 

cost and require ongoing maintenance (Freshwater & Talagi, 2010). 

    

Various alterations to agricultural and fishing practises also constitute adaptions to sea-level rise and 

salt-water inundation. The example of raised bed and furrow systems implemented in the Andaman 

Islands (Velmurugann, et al, 2016) and the Pacific (Mcleod, et al, op cit, 2019) elevates the plants 

for protection. A number of crops plants are salinity tolerant, including the coconut palm (Cocos 

nucifera), breadfruit (Artocarpus altilis), some species of pandanus (e.g., Pandanus amaryllifolius), 

Fiji sago palm (Metroxylon vvitiense). Taro (Colocasia esculenta) also has some salinity tolerance. 

Expanding the genetic base of the Pacific crops is considered an important climate adaption 

mechanism, but also as a means to reduce the reliance on imported food crops, protect crops from 

blights, and with consideration of the future financial viability of cash crops (Lebot, 2013). Fishing 

practices too, require adaption. Ocean acidification, pollution, untrained and excess recreational 

scuba diving, has led to increase damage to coral reefs which provide habitation for 25% of marine 
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species despite consisting of less than 1% of the ocean area (Mulhall, 2009). Fishing, however, is 

considered less of an issue in the Pacific compared to other oceans due to higher biomass of fish 

species and diversity of coral species (Carassou et al, 2013). 

The final adaption approach considered here are changes to habitation. Raising the elevation of 

habitation structures and alteration to other structures is well-known with examples in the Solomon 

Islands (Rasmussen et al, 2009), and is considered a necessity in Fiji (Merschroth et al, 2020) with 

thousands of buildings under threat. Alterations to buildings are considered by communities to be 

highly preferable to oft-proposed suggestions of relocation, whether by managed to retreat to higher 

ground (assuming it is available), or abandonment and migration altogether as island and coastal 

communities have a strong attachment to place (Narayan et al, 2020). Community relocation is, 

without doubt, the most dramatic and least preferred option, and whose success very much depends 

on the availability of customary land (Piggott-McKellar et al., 2019). To reiterate the introductory 

comments to this section, local self-determination of the populace is requisite no matter what 

technological solutions are offered or the perceived degree of threat. 

4.3 Just Financing of Adaptions

“Pacific Island Countries are microcontributors of greenhouse gases yet they are likely to be 

affected most. Some large nations have blatantly shown their lack of concern on these issues and 

they seem to believe that their economy and well-being are much more important than the survival 

of the people from PICs. This sounds inhumane to us. How can we make our voice heard? Are we 

over-reacting? One thing is for sure: we are vulnerable.” 

-- Janita Pahalad, Fiji Meteorological Service (Gillispie & Burns, 2000 p223)

Following the methods for financing adaptions, the first consideration here is the question of 

calculating tort liability of according to impact. This is, in principle, a calculable figure as it is well-

acknowledged that all net increases in global warming are due to human activity, and those 

activities occurred under particular jurisdictions, even under successor states. The use of the Global 

Warming Potential (GWP) is a strict scientific measure to make different GHGs comparable with 

regard to their causal effect on radiative forcing (IPCC 2021, p2232). Whilst the GWP is typically 

measured over a particular time period it is possible, through differential calculus of the of reduced 

effectiveness a GHG in the atmosphere based on its lifetime (ibid, p923–1054), to calculate the 

current GWP of any GHG that has been emitted through human activity and with an accumulated 
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debt by the integral, with actual dollar values based on the costs of climate damages that would 

otherwise not occur. Such a calculation would serve as an optimal and scientific baseline of what 

should occur. 

For example the differential for the value of carbon dioxide would be calculated as follows, in 

simplified form: GCO2(t) would represent represent the GWP of CO2 at time t. As with standard 

calculations of GWP, this will be influenced by the concentration of CO2, CCO2(t), with a higher 

concentration meaning a greater effect. This would be multiplied by the radiative forcing of the 

CO2, RCO2(t), how much energy is retained in the atmosphere due to the presence of CO2, and the 

feedback effects FCO2(t), such as modifications to the albedo or generation of water vapour. The 

differential equation would take the final form of dG/dt = k*CCO2(t)*RCO2(t)*FCO2(t), where k is a 

constant for sensitivity to these factors. This could be elaborated to any and all GHGs. The 

following table illustrates some major GHG emissions (Olivier, 2022; IPCC 2021 p731). 

Fluorinated gases (e.g., trichlorofluoromethane CFC-11, chlorodifluoromethane HCFC-22, Sulfur 

hexafluoride SF6 typically have a very high GWP).

Table 8: Concentration and GWP of Greenhouse Gases

GHG Percentage Lifetime (years) Radiative Efficiency 

(Wm−2ppb−1, molar)

Carbon Dioxide (CO2) 650* 1.37×10^−5 72%

Methane (CH4) 19% 12 5.7×10^−4

Nitrous Oxide (N20) 6% 109 3×10^−3

Fluorinated gases 3% var var

* Median estimated value for this inquiry from Buis, 2019. 

In contrast to such a calculated liability, actually financing for climate change on the international 

area occurs through are a number of well-known financial bodies established under the aegis of the 

UNFCCC, the Kyoto Protocol and the Paris Agreement (Lattanzio, 2018, Timilsina, 2021). All of 

these state that they recognise the need for climate change adaption financing, and recognise the 

need for wealthier countries to provide resources to those that are vulnerable to impacts and do not 

have as much financial capacity. Invariably is is the wealthier countries that have caused the 

majority climate changes that now impact those who require financing. The Global Environment 
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Facility (GEF) is one such institution under the UNFCCC that has provided funding for adaption 

since 1994 and manages the Special Climate Change Fund (SCCF) and the Least Developed 

Countries Fund (LDCF). Further, there is the Adaptation Fund (AF) established under the Kyoto 

Protocol in 2001. In addition, at COP 16 in 2010, a Green Climate Fund (GCF) was established. 

There has been extensive studies on the actual behaviour of such funds. Reviewing governance, AF 

projects with a high level of community focus exist only in a subset of AF recipient countries and is 

applied unequally and dependent on international finance's interaction with the recipient country 

context (Manuamorn, 2020). It is also notable that more than 80% of climate finance goes to 

mitigation rather than adaption (Multilateral Development Banks, 2019). Whilst mitigation 

investments typically have a more immediate effect, the structural role of international political 

economy is also influential. Countries that have the most immediate needs for climate adaption 

relative to climate mitigation are usually those who are less industrialised and have lower GHG 

emissions. This leads to what appears to be a curiously decontextualised approach to climate change 

mitigation for economic development in Pacific developing nations. For example, the Asia 

Development Bank (Asia Development Bank, 2021) provides finance the use of various mitigation 

technologies, such solar-powered street lighting in Kiribati, floating solar cells in Kiribati, Tonga, 

and Tuvalu, and a variety of other forms of renewable energy generation across the Pacific.

Further viewing adaption funding through the method of international political economy, the actions 

of the Australian government is illustrative (e.g., Wright, 2020, Hawksley, 2009). Australia's 

interests and leadership often advocates for the expansion of fossil fuel exports and internal use. 

Even when there there are some indications of an international decline in demand for GHG fuels, 

the dominant political trajectory is largely "business as usual", but with additional security. This 

"securitization" includes the use of police forces to support corporations against communities, and 

the classification of activism as a security threat. Australia also is engaging in military and foreign 

aid efforts to minimise China's influence, and carries a historical record toward potential 

environment refugees. A dramatic and recent example is the Tuvalu Residency and Security Treaty, 

where Australia has offered permanent residency for 280 people from Tuvalu each year and in 

return Tuvalu requires agreement from Australia if it makes any agreements with any other country 

on "defence, policing, border protection, cybersecurity and critical infrastructure, including ports, 

telecommunications and energy infrastructure" (Rothwell, 2023). 
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Such State self-interest also applies to capitalist institutions as well. Whilst the previous section on 

Adaptions for Climate Change had a significant emphasis on mangrove forestation as an adaptive 

action to reduce the impacts of sea-level rise, Mangrove Breakthrough, established at COP27 and in 

partnership with the UN Climate Change High-Level Champions and the Global Mangrove 

Alliance, seeks to raise $1.2bn of a total budget of $4.0bn from private capital, "de-risked through 

blending with grant and concessional capital" (SystemIQ, 2023, p16) with mechanisms like "high 

quality blue carbon credits" and "natural capital" investment. Whilst donor organisations obviously 

exist, there is an emphasis here on providing mechanisms so that investors can receive "above 

market" returns. 

This sort of political and economic realism leads to a consideration of international policy general. 

There is an evident role of constructivism, whereby States and institutions have natural actors who 

are susceptible to the development of persuasive ideas and enculturation which affects the 

behaviour of states (Onuf, 1998). Beyond this enculturation a universal feature is that of 

geopolitical realism, where States and institutions engage in self-interested behaviour in the pursuit 

and protection of wealth and power as in the lawless environment between States. Even the United 

Nations, except through agreed actions of the Security Council, relies on the voluntary participation 

of member-states for enforcement. On the other hand, it is also evident from the facts that 

international relations are not just the expression of self-interest, but can also include mutual 

interests. What is almost impossibly rare, despite expressions of such principles for public 

consumption, is the use of State power for altruistic purposes; this would require developing 

constructivism at the level of universality.

Where there is there is an imbalance of benefits and harms however, States have an inclination to 

play according to their advantage and according to the economic principles of externalities. When 

countries are affected by climate change which they did not cause, it makes moral and logical sense 

for such countries to seek compensation. The actions of the developing Pacific Island countries, 

with their earnest advocacy and unity to be forefront in establishing the "loss and damages" clause 

in the Paris Accord is as much an act of political realism as it is for other countries such as the 

United States to declare that they will never pay reparations for damage. Expressing a statement in 

such a manner does mean that other countries who, even out of their own interest, wish to exert 

their own soft-power and improve their own reputation in the region under have an opportunity to 

use  donor financing for this purpose and use the reparation argument of developing countries in 

accordance to their own GHG emissions. This means that it is probable that GHG emission 
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reparations will be introduced in a piecemeal fashion and countries such as China, Japan, and the 

European Union are most likely to contribute. It is certainly preferable in economic and political 

terms, for reparation payments from GHG emissions to the highly politicised and constrained 

payments of foreign aid which only exist as leverage for the goals of donor governments (Apodaca, 

2017).

5. Conclusions and Further Research

A significant and initial portion of this research project has been dedicated to the facts of climate 

change impacts in the Pacific. This, of course, required providing a factual review the geography of 

the region in climatological terms, covering the atmospheric dynamics, oceanographics, and 

terrestrial matters. Even with geographical issues aside, the historical and ongoing inequitable 

effects of imperialism and colonialism even affected the definitions of which countries were 

included for consideration and, as it was discovered, where factual data exists to help formulate a 

review of the physical impacts of climate change and to make extrapolations from that data. There 

is still some notable uncertainty concerning the physical impacts of climate change in such a 

dynamic system with decadal cycles such as the PDO and ENSO, and the future movements of the 

SCZ, not to mention the active and unknown volcanics that can radically and unpredictably change 

an immediate environment and future predictions.

Whilst this research project has reviewed the existing literature of climate change impacts and 

engaged in some basic extrapolations, it has found little to contradict existing findings. The data is 

clear that the countries of interest are experiencing increasing temperatures with varied changes to 

precipitation. These increases are directly the result of releases of GHGs by industrialised nations. 

Even taking into account geological subsidence there are effective sea-level increases almost 

universally, as a result of ice melt and thermal expansion. All these effects are stronger in the 

Western Pacific compared to the far Eastern which, unfortunately, is where most of the countries of 

interest are located. The increased temperatures, largely absorbed by the oceans, is increasing ocean 

acidification which threatens marine life. Extreme weather events are also increasing and, when 

coupled with sea level rise, results in innudation and damage to coastal environments.

The review of impacts allows for a more optimal identification of the climate change adaptions. 

Sea-level rise, coastal erosion, and seawater inundation are of primary concern, and the most 

appropriate adaption is the restoration of various soft defences, especially mangrove reforestation. 
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Another notable concern is the challenge to potable and agricultural water supply from the same 

causes, but also from population pressures. A further action that adapts to the challenges to soil, 

water, and coastline is alterations to fishing and agriculture, including raised bed systems, an 

emphasis on salinity tolerant crops, and protection of coral reefs. Given the high percentage of the 

population that lives on coastal areas of the Pacific islands, along with infrastructure, building 

modifications are also recognised, along with the option of hard seaward defences in some cases. 

The least preferred options are managed retreat and migration. An emphasis on using TEK and self-

determination is always emphasised when climate change adaptions are suggested.

With the more optimal climate change adaptions identified the question is raised how these should 

be financed. This project has proffered an equation that is based on the moral principle of torts, 

payment for harm caused, coupled with a simplified scientific cost derived from GWP over time 

using differential calculus. However, the international political reality is that such evaluations serve 

as a guide at best of what should be done, and what is actually provided has a lot more with State 

and institutional interests, reputation, and political expediency. This is even reflected in the type of 

funding provided for climate change, with industrial nations preferring mitigation approaches over 

adaption, even when it is wildly inappropriate such as in the Pacific. This reality has suggested that 

climate change reparations are most likely to be provided by powers that both (a) have engaged in 

GHG emissions and (b) that they wish to have a reputation for taking responsibility for their actions 

in (c) an environment where they can exert soft power for their own economic and political benefit. 

For Pacific Island developing countries, the People's Republic of China and Japan are two countries 

who are identified as likely potential contributors to the Paris Accord clause on reparations for the 

purpose of climate change adaption funding and whose actions will influence others, like the 

European Union and New Zealand to also contribute.

It is hoped that future research can benefit from this overall model of providing descriptions, 

elaborations, and evaluation of climate impacts, technical and policy adaptions, and justified 

approaches to financing. Certainly, there is an express desire and relative ease for an expansion of 

this study to include The Philippines and the island provinces of Papua New Guinea. Due to 

differences in economic development and political control, an expansion to include Hawai'i is also 

viable. Elaborating it to include the island chains of the north Pacific of developed countries (e.g., 

the Aleutian Islands. the Ryukyu Islands, Kuril Islands) would be especially challenging, not just 

due to the difference in political and economic capacity, but also the significant climatic and 

environmental differences in that region compared to those in this study. Outside of the region, but 
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with similar geographical and historical characteristics, an expansion to include other small island 

developing nations, e.g., the Caribbean Islands, would be fruitful. Within the region, an expansion 

of the study to include greater consideration on biodiversity and ecosystems is greatly desired, as is 

more comprehensive review of public opinion concerning climate change, impacts, and financing 

among Pacific island people.

Without a doubt, mitigation of GHG emissions is the priority to prevent future climate change 

impacts and attracts most of the attention in the industrialised world. However, on existing 

timescales and with prior emissions already causing climate change impacts now and in the 

immediate future, adaption is necessary. Most of the industrialised countries that are responsible for 

producing GHG emissions in the past are fairly well placed to adapt to changing climate and 

weather effects. However, among Pacific Island countries, the impacts of climate change have a 

great net potential for damage, due to various physical exposures of the islands and the limited 

resources, especially financial, to respond to them. This is political economy at its most grim; the 

study of who lives and who dies. A transformation of political economy that provides for self-

determination and in the Pacific region is necessary to provide appropriate climate change finance 

for culturally-and environmentally appropriate decentralised climate change adaptions that align 

with IK and TEK, overcoming paternalistic discourses and which aligns to the legal principles of 

torts and economic externalities, whereby reparations are provided for past wrongs and with 

insurance for future effects. Whilst technology is a necessary element in climate change adaption in 

the Pacific, it is not sufficient for the solution; justice is also required.
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