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FOREWORD

Climate change and the impacts of sea level rise remain the single greatest
and existential threat to the livelihood, security, and wellbeing of the people
of Tuvalu. Its effects are severe, increasing the vulnerability of the nation.
This has become a reality for the people. Despite our very limited resources
and capacity to address the climate crisis, Tuvalu continues to fight for
climate justice by amplifying our voice and efforts to reduce greenhouse gas
emissions and to keep major polluters accountable. However, this comes with
more responsibilities, which require everyone's cooperation and commitment
for accelerated climate action at the global and local levels.

Aligned with our commitments under the United Nations Framework Convention on Climate Change
(UNFCCC) we have prepared Tuvalu's Third National Communication (TNC) report. This document
serves as a comprehensive update on the nation's endeavours since the publication of the Second
National Communication (SNC) report in 2015, spanning the period up to 2021. As we stand at the
crossroads of climate action and sustainable development, the TNC report emerges as a beacon of

insight and resolve. This document is not merely a compilation of data and strategies; it is a testament
to the resilience and determination of the people of Tuvalu in the face of global climate challenges.
The climate crisis is a grave concern for Tuvalu, posing significant challenges to the preservation of
our environment, marine resources, and the pursuit of sustainable economic development. As a Least
Developing Country (LDC), and a Small Island Developing State (SIDS), we are grateful for funding
mechanisms made available at all levels to facilitate the sustainable climate solutions to bolster our
journey towards building a resilient Tuvalu. We recognise and wish to extend our profound gratitude to
our development partners for the financial assistance provided to Tuvalu over the years, recognizing the
pivotal climate initiatives undertaken by preceding administrations to foster sustainable development.
The Tuvalu National Climate Change Policy, “Te Vaka Fenua o Tuvalu (2021-2030)", underscores the
imperative to enhance access to climate finance, forge strategic partnerships, mitigate vulnerabilities
and resilience building measures to effectively manage human mobility and maintain our sovereignty
in response to the adverse impacts of climate change.

This report offers a scientific portrayal of the climate crisis and the dire consequences of inaction.
Should we fail to address the climate crisis with the gravity it deserves, the repercussions will escalate,
jeopardizing not only our livelihoods and security but also our rich cultural heritage. It will make our
efforts futile, resulting in a grim reality for our future generations. Hence, to safeguard our environment,
ecosystems lifeways and our identity, oil producing countries must take bold and constructive actions
towards a net zero economy by mobilizing dynamic solutions. This can be done through investing in
clean energy efficiency initiatives, conducting research on climate related mitigation projects. We must
unite as geopolitical “tuakoi" (neighbours) to achieve our mitigation targets for a sustainable future.
As the Minister for Climate Change and staunch advocate for environmental stewardship, it gives me
great pleasure to present the Third National Communication of Tuvalu to the UNFCCC Secretariat,
marking its submission to the Conference of the Parties (COP).

/
#f
fx'%wﬂ

Hon. Dr. Maina Vakafua Talia,

PhD Minister for Home Affairs, Climate Change and Environment.
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Executive Summary

Tuvalu, a Non-Annex | Party to the United Nations Framework Convention on Climate Change
(UNFCCC), submitted its first national communication to the UNFCCC Secretariat on 30 October 1999.
It's Second National Communication (SNC) was submitted in 2015. As a party, it continues to obtain
financial supports to meet its obligations under the convention from the UNFCCC.

This Third National Communication (TNC) was prepared with financial assistance provided by the
Global Environment Facility (GEF) through the United Nations Environment Programme (UNEP) in
accordance with the UNFCCC revised guidelines for the preparation of national communication.

This report is structured into five sections, beginning with background context of the geographic,
climatic, economic and social circumstances of Tuvaly, titled as National Circumstances (Chapter
1). Chapter 2 presents the Tuvalu's vulnerability to climate change and adaptation measures being
piloted, undertaken and proposed. Chapter 3 presents the GHG Inventory for major sectors based on
available data. Which is then followed by Chapter 4 on Mitigation Assessment. Chapter 5 presents
Other information considered relevant to the achievement of the objective of the Convention and it also
includes Constraints and Gaps, Finance, Technology and Capacity Needs of Tuvalu.

ES.1. National Circumstances

The archipelago of Tuvalu lies between latitude of 50 to 110 south and between longitude of 1760 and
1800 east of Greenwich. It is located approximately 1,700 kilometres (km) north of Fiji and 1,400 km
south of the Republic of Kiribati. Situated in the South Pacific Ocean consisting of nine islands that
stretch 579 km in length. The islands have a combined land area of 26 km2 and are surrounded by
1.3 million km2 of ocean, including an Exclusive Economic Zone of 719,174 km2. The average height
above sea level is less than 3 metres (m) with the highest point above sea level being 4.6 m in Niulakita
(Government of Tuvalu, 2012).

The following table presents a summary of Tuvalu's key geographic and socio-economic indicators.

Table ES- 1: Summary of Tuvalu's key geographic and socio-economic indicators

Background Information

Country Tuvalu

SIDS/LDC Country Status Yes

Location 8°31'16"S 179°11'46"E
Capital Funafuti

Area 26 sq. km

Exclusive Economic Zone (EEZ) 719,174 sq. km

Mean annual temperature 24°C to 32°C

Population 11,206 (estimated)

(12021 10,507 (2017 Mini-census)
2020

Ratio 49:51 (Female: Male)

Real GDP $67 million (2020 estimate)
Currency Australian dollar (AUD)
Language Tuvaluan, English




Climate

Tuvalu has a tropical climate, and it is characterized by two distinct seasons, a wet season from
November to April and a dry season from May to October. The mean annual rainfall in the southern
islands of Tuvalu is 3,400 mm while in the north is 2,900 mm. Temperature ranges from 25 degrees
Celsius (°C) to 30°C all year around. The tropical cyclone season is from November to April.

Population
The total enumerated population for Tuvalu during the 2017 mini-census was 10,645 people, this
sums up the 10,507 permanent residents and 138 visitors or the non-residents. Within the 5 years
from 2012 to 2017, the total population has decreased by 1.3%, making an annual average growth rate
of -0.3% per annum. Population projections for Tuvalu estimates a gradual population increase over
the next 20 years.

Economy

The national economy of Tuvalu is reliant on donor aid with additional revenue being sourced from
taxes, custom duties, postage stamp sales, fishing and dot TV domain licenses. Tuvalu's gross
domestic product (GDP) was estimated at US$67 million in 2020 (GoT Fiscal Budget, 2020). The
establishment of the Tuvalu Trust Fund (TTF) in the early 1980's serves as the most important capital
resource to finance recurrent government expenditure in times of fiscal downturn and is a crucial
source of supplementary budget.

Fishing accounts for nearly all of Tuvalu's exports. The introduction of the Vessel Day Scheme and the
establishment of fishing joint ventures with Asian companies increased fishing exports and revenues
from fishing license fees. Total revenue for 2021 is estimated to be at $108.1 million. In terms of
household income, the main sources are wages and salary and remittances from a family member
working abroad, mainly as seafarers. Other sources of household income included rental income from
buildings, land and equipment, pension, sales of handicrafts, crops, fish and livestock, and business
and investments. A higher proportion of the outer island population is engaged in subsistence
agriculture, fishing and domestic duties compared to the population in Funafuti.

Land Ownership and Tenure

One of the main obstacles hindering the development of Tuvalu is the system of land ownership. The
increasing population density in the capital is driven by urban migration from the outer islands. The
limited supply of land in Funafuti affects housing shortages and rental increase. The Tuvaluan land
tenure system is based on the principle of land inheritance (land passed down from father or mother)
to sons/daughters and subdivision of land between the landowners themselves. This system has
advantages and disadvantages, like fragmentation of land plots through continual subdivision that
may be inconsistent with pattern of growth. Disputes over land boun daries and multiple ownership of
land are prevalent due to limitations with land registration.




Building a house in Funafuti is a long process even to the landowners. The landowners have the right to
build their house, but the final approval has to come from the Kaupule in collaboration with resolution
that passed from the Falekaupule. New reclamation projects had provided opportunities to overcome
existing burdens on land tenure mostly on Funafuti where the Government headquarter is located with
other amenities.

Agriculture

Pesticides and fertilizers use are minimal. Similarly, livestock production is of subsistence nature, with
swineg, free-range chicken and ducks being the main livestock kept by households. Compared to other
countries in the Pacific region, agricultural productivity in Tuvalu is low due to poor soil and water
retention capacity, low levels of organic material, scarcity of arable land and fresh water, and lack of
agricultural technology. Barriers such as the lack of access to credit, limited agricultural extension
services, under-utilization of local agricultural markets and unreliable inter-island transport also stifle
agricultural development beyond subsistence farming.

Fisheries

Subsistence fishing is very much part of the Tuvaluan way of life, providing essential source of protein
as well as a means of livelihoods for households on all islands. Handline, gill netting and trawling
are common methods used. All fish, regardless of the size, are caught and consumed. The marine
resources that support coastal fisheries in Tuvalu communities are fully or over-exploited. This
situation is likely further exacerbated by the impacts of climate change in coastal areas. To address
the issue of over-fishing, 10 marine conservation areas were established on nine islands including
Niulakita the furthest southern island. In 2020, the total number of fishing licenses this year increased
by 13% from the previous year. The upward trend was driven largely by the surge in PS licenses (37%
up from last year).

Biodiversity

Conservation of biodiversity in Tuvalu is not a new concept as it has been part of the traditional system
of natural resource management. With the gradual growth in population and the transition from sub-
sistence to semi-commercial economy, traditional biodiversity conservation practices are diminish-
ing. Despite being small in size, the islands of Tuvalu are characterised by a variety of vegetation types.
Terrestrial vascular plants reported for Tuvalu reaches 356 species of which only 18% are possibly
indigenous to the island (Thaman et al, 2012). All the other species are introduced species.

For marine species, there are 1,453 different species including 532 species of fish, 411 species of mac-
ro-invertebrates, 379 species of cnidarians, 59 species of marine algae, 41 species of residential and
migratory birds, 21 mammals, 4 species of sponges, 4 species of reptiles and 2 species of mangroves.
According to the IUCN (International Union for the Conservation of Nature) Red List of Threatened
Species list, 8 animal species are considered to be endangered in Tuvalu, among them are humphead
wrasses (Cheilinus undulates), whale sharks (Rhincodon typus) and green turtles (Chelonian mydas).

Energy

The energy sector in Tuvalu is predominantly attributed to electricity generation using diesel-based
generators. Since 1996, the total import of diesel has tripled. As diesel fuel is used for generating
electricity, predominantly in Funafuti, the huge rise in demand for diesel is owing
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to rapid urban growth. The existing heavy reliance on imported fuels makes Tuvalu exposed to
fluctuations in the international fossil fuel markets. Tuvalu aims for 100% renewable energy by 2025.
As a result, solar power is being widely used for household energy requirements on the outer islands
which are supplemented by diesel-generated electricity. For cooking, firewood is most commonly
used on the outer islands. As urbanisation continues, there will be a greater demand for electricity.
Investment in renewable energy is critical for Tuvalu to reduce reliance on fossil fuels and to achieve
sustainable development.

Transport

Nearly all of the 1,240 vehicles registered in Tuvalu are being driven in Funafuti, where demand for
petroleum is the highest. In the outer islands, there are very few motor vehicles and scooters and most
of the petrol consumption is mainly used for outboard motorboats. As per the latest data obtained from
Customs Office on 16th June 2021, there has been an increase of imported vehicles and motorcycles.
For aviation, Tuvalu has no domestic airline services. International flights are operated by Fiji Airways,
which runs a twice-weekly service between Suva and Funafuti, with additional flights during peak
seasons.

Institutional Arrangements for Climate Change
Institutional Arrangements for the preparation of NCs and BURs
The third national communication of Tuvalu is being implemented by the Climate Change Department
under the Ministry of Finance.
Key steps towards the preparation of third national communication and national GHG inventory for the
years 2015-2021 was as follows:

- Project Organization Structuring

- Thematic Working Group (TWGs) formation

- Stakeholder Consultation Process

- Training and Capacity building Programme

- Data collection, Identification of data gaps and uncertainty assessment

- Documents/data review for quality assurance

- Preparation of GHG Inventory Report

- Review and approval of the GHG Inventory Report

ES.2. Vulnerability and Adaptation

This Vulnerability and adaptation assessment chapter of Third national communication outlines the
present and future climate change scenarios including air temperature, precipitation, wind-driven
waves, sea-level rise, coral reefs' vitality, tropical cyclones, and drought projections in Tuvalu. It also
presents the results of the Integrated Vulnerability Assessment conducted for the two Islets (Amatuku
and Funafuti), which encapsulates a Conceptual Framework for Assessing Vulnerability. This lens
enables a deeper exploration of sectoral vulnerability, including Tuvalu's susceptibility to hazards and
disaster events like heatwaves, droughts, floods, cyclones, and storm surges. Furthermore, it explores
the future risks Tuvalu faces and outlines the national and sector-specific policies, strategies, and
measures aimed at adaptation. By prioritizing the specific needs arising from Tuvalu's vulnerability,
this chapter aims to implement effective measures and ensure the long-term sustainability and well-
being of the country in the face of climate change.
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Climate Change Scenario
This section provides a description of the climatic scenario for the Tuvalu including its past and
present climate as well as projections for the future.

Tuvalu's climate varies considerably from year to year due to the El Nifio Southern Oscillation. There
are two extreme phases of the El Nifio Southern Oscillation: El Nifio and La Nifa. There is also a
neutral phase. In Funafuti, El Nifio events tend to bring wetter, warmer conditions than normal, while La
Nina events usually bring drier, cooler than normal conditions. This is likely due to the warmer ocean
temperatures around Tuvalu in El Nifio years.

Global climate models are the best tools for understanding future climate change. There are many
different global climate models, and they all represent the climate slightly differently. Scientists from
the Pacific Climate Change Science and Adaptation Planning Program have evaluated 26 models from
around the world and found that 24 best represent the climate of the Tuvalu region of the western
tropical Pacific. These 24 models have been used to develop climate projections for Tuvalu.

The climate projections for Tuvalu are based on the four IPCC RCPs: very low emissions (RCP2.6), low
emissions (RCP4.5), medium emissions (RCP6.0) and very high emissions (RCP8.5), for four 20-year
time periods centered on 2030, 2050, 2070 and 2090, relative to a 20-year period centered on 1995.
Since individual models give different results, the projections are presented as a range of values. When
interpreting projected changes in the mean climate in the Pacific, it is important to keep in mind that
natural climate variability, such as the state of the El Nifio-Southern Oscillation, strongly affects the
climate from one year to the next.

Figure ES- 1: Carbon dioxide concentrations (parts per million, ppm) associated with the very low
(RCP2.6), low (RCP4.5), medium (RCP6.0) and very high (RCP8.5) emissions scenarios for 20-year
time periods (shaded) centered on 1995 (the reference period), 2030, 2050, 2070 and 2090
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The historical, Future projections and extremes are presented and discussed for Air temperature,
Precipitation, Wind driven waves, Seal level rise (SLR), Coral reefs and Ocean acidification, Tropical
cyclones (TC) and Droughts. Climate impacts almost all aspects of life in Tuvalu. Understanding the
possible future climate of Tuvalu is important so people and the government can plan for changes.

. El Nifio and La Nifa events will continue to occur in the future, but there is little consensus on
whether these events will change in intensity or frequency.

. Annual mean temperatures and extremely high daily temperatures will continue to rise.

. It is not clear whether mean annual rainfall will increase or decrease, the model average indicat-
ing little change, with more extreme rain events.

. Incidence of drought is projected to decrease slightly.

0 Sea level will continue to rise.

. Ocean acidification is expected to continue.

. The risk of coral bleaching is expected to increase.

. December—March wave heights and periods are projected to decrease slightly.

. Tropical cyclones are projected to be less frequent but more intense

Vulnerability Assessment
A vulnerability assessment to climate change is a process of identifying and analyzing the potential
impacts of climate change on a system, organization, or community.

Conceptual Framework for Assessing Vulnerability

The Pacific Islands Framework for Community Integrated Vulnerability Assessment, or IVA Framework,
is being used to assess climate change adaptation hotspots and inform decision-making on resilience
development at different levels. The IVA approach is based on the idea that climate change and
disasters exacerbate existing problems and create new hardship but may also generate opportunities
to rebuild better and safer. The IVA Framework provides a standardized approach to assessing
community vulnerability.

Tuvalu Integrated Vulnerability Assessment (TIVA) Framework
Tuvalu has taken significant steps towards understanding the vulnerability of its communities to
climate change through the implementation of the Tuvalu Integrated Vulnerability Assessment (TIVA)
framework. TIVA conducted on the islet of Amatuku, Funafuti Atoll, Tuvalu, has successfully combined
technical analysis and community input. The IVA framework in Tuvalu covered seven priority sectors
including Ecosystem Health (E), Water Security (W), Security of Place (P), Energy Security (N), Income
Security (1), Community Health (H) and Food Security (F). These sectors were assessed through 5
livelihood assets including Ecosystem, Infrastructure and Services, Finance, Human Resource and
Institution and Governance. Figure ES-2 illustrates this framework.
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Figure ES- 2: The IVA framework in Tuvalu: 7 sectors x 5 assets = 35 subsectors
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Sectoral Vulnerability

Tuvalu faces numerous vulnerabilities across various sectors due to its unique geographic and socio-
economic characteristics. The impacts of climate change pose significant challenges to Tuvalu,
exacerbating its vulnerabilities in several key areas. From the perspective of sectoral vulnerabilities,
Tuvalu's diverse sectors, including coastal zones, freshwater resources, agriculture, infrastructure, and
health, are particularly susceptible to the adverse effects of climate change.

Vulnerability to Hazards and Disaster Events

Tuvalu is also highly vulnerable to climate-related hazards like Heat waves, drought, floods, cyclones
and storm surge. The country's limited resource base and low-lying islands, with most areas barely
exceeding 3 meters above sea level, make it susceptible to the adverse impacts of climate change,
variability, and extreme weather events.

Adaptation Action

Tuvalu, is confronted with pressing challenges due to climate change, necessitating the implementation
of effective adaptation measures. Adaptation strategies should encompass measures to mitigate sea
level rise, manage saltwater intrusion, enhance water resource management, strengthen infrastructure
against cyclonic events, and promote the conservation and restoration of coral reefs and fisheries. The
urgency of these adaptation efforts is critical to ensure the long-term sustainability and resilience of
Tuvalu's communities in the face of ongoing climate change challenges.

Tuvalu's Adaptation action plan plays an important role for addressing the country's climate change
impacts and enhancing its resilience. It outlines the country's policy framework, specific adaptation
projects, and other related measures to address the impacts of climate change.




Adaptation Program of Action (Plans & Implementation)

The objective of the 2007's NAPA was to develop a country-wide programme of immediate and urgent
project-based adaptation activities in priority sectors, in order to address the current and anticipated
adverse effects of climate change and it identified seven priority projects for addressing short term
adaptation needs and six out of the seven projects have been implemented through various NAPA
projects. These included: Coastal protection, Agriculture, Water management, Human health, Fisheries
(conservation), Fisheries (adaptation), Disaster preparedness and response.

List of Adaptation Projects

Based on Tuvalu's priorities stemming from its' NAPA and sector policies, there are several projects
with climate change adaptation goals that have been implemented or currently being implemented in
country. The main adaptation initiatives to date, in terms of scale and funding, include:

. The NAPA-I: Increasing resilience of Coastal Areas and Community Settlements to Climate
Change in Tuvalu (March 2010 - June 2016);

. The NAPA-I+: Follow-up full size project (July 2011 - December 2013);

. The NAPA-II: Effective and Responsive Island-level Governance to Secure and Diversify Climate
Resilient Marine-based Coastal Livelihoods and Enhance Climate Hazard Response Capacity
(August 2013 - June 2019);

. The Ridge to Reef (R2R) Project: Implementing a “Ridge to Reef" approach to protect biodiversity
and ecosystem functions in Tuvalu (August 2015 — December 2020); and

. The Tuvalu Coastal Adaptation Project (TCAP) (August 2017 — September 2023)

Tuvalu, among the world's most vulnerable nations, faces escalating climate impacts that threaten its
core sectors like coastal resources, agriculture, and infrastructure. To counteract this, deliberate and
cohesive endeavours are imperative across various levels of governance to comprehensively record
the economic consequences of climate change on vulnerable sectors. Mobilizing additional resources
are required that can more effectively bolster adaptive actions at all levels of governance.

ES.3. Greenhouse gas Inventory

The third national Greenhouse Gas (GHG) Inventory of Tuvalu has been developed as a part of the Third
National Communications (TNC) to the United Nations Framework Convention on Climate Change
(UNFCCC), for the year 2021. Tuvalu's national GHG inventory includes and includes the national
inventory of anthropogenic emissions by sources and removals by sinks of all greenhouse gases
(GHG) not controlled by the Montreal Protocol. In contrast with the initial national communication
submitted in 1999 and the second national communication (SNC) submitted in 2015, the third national
communication (TNC) has achieved considerable progress in documenting Tuvalu's vulnerability
assessment, adaptation measures, and sectoral analyses of GHG emissions.

The GHG Inventory of Tuvalu has been prepared for the year 2021 and the time series inventory from
the year 2015 to 2021 using the Tier 1 approach from the 2006 IPCC Guidelines for Greenhouse Gas
Inventories and IPCC Good Practice Guidance (GPG). In 2021, Tuvalu's total GHG emissions (excluding
removals) was 18.82 Gg CO2e (in comparison to 5.86 Gg CO2e estimated for the year1994 under
the first national communication and 18.47 Gg CO2e estimated for the year 2014 under the second




national communication). This comprises direct CO2 emission 8.708 Gg, CH4 emission 0.316 Gg and
N20 emissions 0.005 Gg during 2021. The emissions of other indirect GHG like perfluorocarbons
(PFCs), hydrofluorocarbons (HFCs), and Sulphur hexafluoride (SF6) are not estimated due to limited
application and no manufacturing of the products containing these gases. In absolute terms, Tuvalu's
total GHG (CO2e) emissions were negligible (around 0.000036%) of the total Global GHG emissions
for the year 2021(Global GHG emissions for 2021, excluding LULUCF, are preliminarily estimated at
52.8 Gt CO2e). A summary of GHG emissions excluding removals from Vanuatu for the year 2021 is
presented in Table ES-2.

Table ES- 2: Summary of Tuvalu's GHG Emissions (Gg COZ2e): 2021

Inventory Year: 2021 Emissions (Gg)

Categories Cco2 CH4

Total National Emissions and Removals

1 - Energy 8.708 0.0004 |0.0002 |[8.774
1.A - Fuel Combustion Activities 8.708 0.0004 |0.0002 |[8.774
2 - Industrial Processes and Product Use | NE NE NE NE

3 - Agriculture, Forestry, and 0.000 0.270 0.004 8.543

Other Land Use

4 - Waste 0.000 0.046 0.001 1.508

Memo Items (5)

International Bunkers 0.100 0.000 0.000 0.101

Total GHG Emissions, excl. Removals 8.708 0.316 0.005 18.825

NE = Not estimated




The main GHG emission sectors and sub-sectors in Tuvalu are Energy Sector (Direct Fuel
Consumption for Combustion Activity) - Energy Industries (Electricity Generation), Transportation
(Road Transportation, Water-borne Navigation-Domestic), Other Sectors (Residential, Commercial,
Institutional, Agriculture/Forestry/Fishing/Fish Farms); Agriculture, Forestry, and Other Land Use
(AFOLU) - Livestock (Aggregate sources and non-CO2 emissions sources on land); and Waste (Solid
Waste - Solid Waste Disposal and Wastewater Treatment and Discharge - Domestic Wastewater). The
GHG emissions from international aviation have been calculated as a memo item and not included in
the total GHG emissions from Tuvalu. While GHG emissions from international waterborne navigation
have not been calculated due to lack of fuel consumption/distribution for the said purpose. It is to be
noted, there is no manufacturing industry or industrial process emissions occurring in the country.
Moreover, Tuvalu doesn't import any solvents or refrigerants and ODS directly, a small amount of
refrigerant and ODS are used in equipment (Air-conditioning and Refrigeration) only. Hence, GHG
emissions from this sector are not estimated for the inventory year. The key GHGs are Carbon dioxide
(C0O2); Methane (CH4) and Nitrous oxide (N20). Tuvalu's Sub-sectoral GHG emissions during the
inventory presented here:

Figure ES- 3: Tuvalu’s GHG emissions contributions by Sub-sectors (excluding removals) (Gg CO2e):
2021
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Tuvalu's Energy sector is the major emission contributing sector to the total GHG emissions, the
country is one of the Pacific countries that has achieved 100% access to energy since 2017; however
heavily reliant on imported petroleum products. In 2021, the energy sector emitted 47% of the total
national GHG emissions, mainly by fossil fuel combustion activities, comprising energy industries
(63%), transport (31%), and other sectors (46%). Electricity generation in Tuvalu is majorly based
on diesel generators, the main island of Funafuti constitutes the majority of electrical demand for
the country, with the outer islands already on the way towards 100% renewable energy. Electricity
generation accounted for 8.77 Gg CO2e (i.e., approximately 29%) of the total national emissions, and
63% of the energy sector emissions indicating that electricity generation is the largest fossil fuel
consumer and GHG emitter within the ‘Energy Sector'. GHG emissions from the transport sector were
2.73 Gg CO2e¢, i.e., about 31% of total CO2e emissions from the energy sector and 14% of total national
GHG emissions. The road transport sector accounted for 57% of the total GHG emissions from the
transport sector followed by waterborne navigation (43%). The transport subsector is the second
largest consumer of commercial fuel energy within the Energy sector in Tuvalu. Other sectors include
the commercial/institutional sector, residential sector and agricultural/fisheries sector; the major fuel
consumed in the residential sector are LPG, Kerosene, and Biomass. While diesel oil, kerosene, and LPG
are used in commercial and institutional buildings for lighting and cooking purposes respectively. The
Other sectors together emitted 0.52 Gg of CO2e, which is approximately 6% of total CO2e emissions
from the energy sector and 3% of total national GHG emissions (excluding removals). The biomass
consumption in the residential sector (mainly from cooking) is mostly renewable biomass, collect from
the forest land, in the absence of data emission from the biomass combustion not included in the
national inventory report.

The agriculture sector is a major source of methane and nitrous oxide emissions in Tuvalu. Tuvalu's
Agriculture is dominated by subsistence agriculture and has traditionally been the preoccupation
of Tuvaluan people and involves the cultivation of trees and crops and raising a limited number of
pigs, chickens, and ducks. In 2021, Tuvalu's agriculture sector was the second largest GHG emitting
sector and accounted for about 45% of the total GHG emissions. The major share of the average GHG
emission of the agriculture sector is livestock farming —manure management (87%), and enteric
fermentation (3.5%). While the rest comes from Direct N20 emissions from managed soil (4%) and
Indirect N20 emissions from managed soils and manure management (1% and 4.8% respectively).
The GHG emissions from the agriculture sector have declined during the inventory period mainly
attributed due to the decline in the livestock population, approximately 96% of the Livestock sector
emissions are contributed from manure management activities and 4% from enteric fermentation.
Manure management contributes to about 96% of the GHG emissions from the Livestock sub-sector.
Tuvalu's manure management system types include anaerobic lagoons, pit storage, composting and
pasture/range/paddock. Pig wastes are largely managed in anaerobic lagoons (over 70%) followed
by 10% each in pit storage, composting and pasture/range/paddock. While chickens and ducks are
free ranging. The emissions from pasture/range/paddock are estimated under the category ‘Indirect
N20 Emissions from manure management’ under Aggregate sources and non-CO2 emissions sources
on land sector. Manure management system emissions can be further reduced if modern/ scientific
manure management systems are introduced into the country.




In the year 2021, the waste sector emitted 1.51Gg CO2e, of which is 8% of total national GHG emissions.
The total methane emissions from the waste sector were 0.046 Gg and nitrous oxide emissions
were 0.0009 Gg. Methane (CH4) emissions occur from solid and wastewater disposal and N20 is
mainly emitted from wastewater discharge. The key source of methane emissions from solid waste
management and disposal includes emissions from the anaerobic decomposition of waste disposed
at 8 major open dump sites located on Nanumea, Nanumaga, Niutao, Nui, Vaitupu, Nukufetau, Funafuti,
Nukulaelae islands. All the disposal sites in the country are classified as open dumpsites and thus
need physical improvements to upgrade to proper and safe disposal landfills. In 2021, GHG emissions
from municipal solid waste disposal and disposal were 1.10 Gg CO2e. Wastewater treatment and
Sanitation system is a major concern in Tuvalu just like other pacific island countries (PICs). All the
islands are low-lying, with an average elevation of 3 meters (m) above sea level. The groundwater table
is just 1-1.3 m below the surface and is even shallower in some parts of Funafuti. Only in limited areas
groundwater can be found at depths greater than 2 m. As a result, any surface pollutants, or pollutants
from leaking underground septic pits easily move into the groundwater, and from the groundwater
system into lagoons. Contamination of groundwater resources and coastal lagoons poses threat
to human health as well as the environment and hampers the socio-economic development of the
country. In Tuvalu, houses are connected to piped sewers and septic tanks are the most common
form of sanitation. There was no wastewater treatment facility operational in the country during the
inventory period and the wastewater generated is discharged to the nearby water bodies without
treatment leading to methane and nitrous oxide emissions.

In 2021, the GHG emissions contribution from the wastewater treatment and discharge subsector
was 0.41 Gg CO2e viz about 2% of the total GHG emissions of the country and about 27% of total GHG
emissions from the waste sector.

Tuvalu's estimated total energy sector GHG emission reached to 8.77 Gg CO2e in 2021 from 4.65
Gg CO2e in 1994, representing an increase in emissions by about 89%. Energy sector emissions is
analogous to the quantity of fuel imported into the country. Diesel used in electricity generation has
grown more slowly (with the introduction of more renewables into the generation mix. Tuvalu's total
GHG emissions from the Agriculture sector was estimated at 8.54 Gg CO2e in 2021. The emissions
from the ‘Livestock’ and ‘Aggregate sources and non-CO2 emissions sources on land' sub-sector in
Tuvalu show a decreasing trend and are mainly attributed to the estimated population of the livestock
in the country. Livestock sector emissions reached 0.82 Gg CO2e in 2021 from 1.22 Gg CO2e in
1994. The Waste sector emissions were not estimated under the 1994 inventory. However, they are
estimated in the 2014 inventory as well as under this inventory for the period 2015-2014. Tuvalu's
emissions from the waste sector reached to 1.51 Gg CO2e in 2021. The waste sector emissions show
an increasing trend during the inventory years 2015 to 2021 and raising concerns. The CO2 emissions
trend indicates that the emission levels of CO2 in Tuvalu have increased to 8.71 Gg to 4.65 Gg during
the period 1994 to 2021, representing an increase of about 87% approximately. CH4 emissions show
a significant increase of over 632% during the period 1994- 2021, increasing to 0.32 Gg in 2021 from
0.04 Gg in 1994. Whereas the N20 emission is estimated to have reached 0.028 Gg in 2021 from
0.000016 Gg in 1994.

Tuvalu's National GHG Inventory key categories analysis suggests the following IPCC Category and
GHGs: 1. A Fuel Combustion Activities - CO2; 3.A.2- Manure Management - CH4; 4.A- Solid Waste
Disposal -CH4; 3.C.6- Indirect N20 Emissions from manure




management - N20; 3.C.4- Direct N20 Emissions from managed soils - N20; and 3.A.1- Enteric
Fermentation-CH4. The overall uncertainty in national GHG emissions i.e., Percentage uncertainty in
total inventory was estimated as 46%; and the trend in national emissions between the base year
and the current year has been estimated as 102%. The major uncertainty contributed by the Energy
sector and AFOLU sector followed by the Waste sector. In Tuvalu, key uncertainties are associated
with data availability, missing data, lack of comprehensive information, data archiving, and lack of
country-specific emission factors. It is recognized that having country-specific emission factors and
more detailed activity data will help reduce uncertainty in future inventory. For example, in the energy
sector, there is good data available on fuel imports into the country but there is a lack of information
on end usage.

The preparation of this inventory has been another opportunity to strengthen the credibility of the
results and the rigor of the national system used to produce the inventory estimates. This inventory
serves as a key source of evidence on Tuvalu's National greenhouse gas emissions trends and aids in
monitoring progress made towards reduction of GHG emissions. It also acts as an important tool for
Tuvalu's policy recommendations on climate change and enables to measurement success of such
policies. The current GHG inventory provides comprehensive information on GHG emissions for the
years 2015 to 2021 and also reflects the trend in emission levels since 1994. The GHG emissions
results for the inventory period 2015-2021 reveal a varying trend over the reporting period with the
annual variation dominated by fuel consumption in the energy sector.

Figure ES- 4: Tuvalu's total GHG emissions by sectors (excluding removals) in Gg CO2e: 1994-2021
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The compilation of the GHG inventory continues to remain a major challenge, especially in terms of the
availability of activity data for the estimation of GHG emissions. The key findings and recommendations
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of this inventory development exercise have been identified during and highlighted in previous sections
of the report. However, data collection, monitoring, and verification for the GHG emission sector is
key takeaway of this exercise. For the future GHG inventory, Tuvalu shall minimize the data gaps and
uncertainty specifically in Energy, Livestock, and Waste sector.

ES.4. Mitigation Assessment

The Government of Tuvalu developed its Intended Nationally Determined Contribution (INDC) and
submitted it to the United Nations Framework Convention on Climate Change (UNFCCC) in 2015
and ratified the Paris Agreement on 22 April 2016. When the Paris Agreement came into force on
04 November 2016, Tuvalu's INDC submitted in 2015 automatically became Tuvalu's First NDC.
In accordance with decision 1/CP.21, Tuvalu hereby communicated Tuvalu's Updated Nationally
Determined Contribution (NDC) in November 2022 under Article 4 of the Paris Agreement.

In this Updated NDC, Tuvalu hereby communicates to the UNFCCC:

An update to its existing NDC pursuant to Article 4.11 of the Paris Agreement that includes:

. Tuvalu commits to the reduction of greenhouse gas (GHG) emissions from the electricity (power)
sector by 100%, i.e., almost zero emissions by 2030.

. Increase energy efficiency in Funafuti by 30%.

. Tuvalu's indicative quantified economy-wide target to reduce total GHG emissions from the en-
tire energy sector to 60% below 2010 levels by 2030.

. Zero carbon development pathway by 2050

Tuvalu in efforts to accelerate the implementation of its Nationally Determined Contribution (NDC)
to global climate change mitigation efforts has developed an NDC Implementation Roadmap and
NDC Investment Plan (NDC Roadmap and Plan) for the land transport, maritime transport, and energy
efficiency sectors. It identifies six GHG mitigation opportunities—two in the land transport sector, two
in the maritime transport sector, and two in the electricity energy efficiency sector. Implementation of
GHG mitigation projects in the pipeline will occur between 2022 and 2030.

GHG mitigation opportunities in Tuvalu

Energy Sector- Electricity Generation: Renewable Energy

Tuvalu, with funding from New Zealand's Ministry of Foreign Affairs and Trade, is developing a new
solar PV plant (with battery storage) in Funafuti. The US$6 million project will include 770 kW of Solar
PV and at least 1 MWh of battery storage. The plant will help replace diesel on the island, where about
85 percent of electricity is currently generated from diesel. The plant was expected to be completed by
the end of 2020 but has been delayed due to COVID-19 travel restrictions and are expected to complete
by the end of 2023.

In addition, two large renewable energy projects, funded by the World Bank and the Asian Development
Bank (ADB), will see the installation of an additional 2 MW of solar PV, 2 MWh of battery storage.
Following the completion of these projects, Funafuti is expected to achieve a renewable energy
contribution of approximately 90 percent. This will mean that nationwide, Tuvalu will generate
approximately 90 percent of its electricity through renewable sources. This project is expected to be
completed in September 2023.




The Tuvalu- Funafuti Road Map report of 2019 details the Funafuti Road Map to 100% Renewable
Energy as part of the Tuvalu Renewable Energy Project. To achieve a 100% renewable contribution
for Funafuti by 2025 would require 7.6 MW of solar PV and 3 MW / 14 MWh of battery energy storage.
Funding for the World Bank project and Stage 1 (by ADB) are assumed to be locked in. Funding for
Stages 2 and 3 are unfunded and it is estimated would require cumulative capital of US$21.1m.

Table ES- 3: Summary solar expansion options for Funafuti

Road Map Stages PV Site Cumulative
System
capacity
(kWp)

Existing Government building 130 735

Hospital 75
Media building 40
Government main warehouse 75
Public works department 65
TEC power station 350

World Bank Project World Bank solar site 700 1,485

;:\DB Project, Stage Government building rooftops 500 1,985

Road Map Stage 2 FassNet wetlands pilot floating solar project 100 4,385

Other Government controlled buildings or land 580

QE Il Park rooftop and raised framing structures 1,720

Road Map Stage 3 Floating solar in Funafuti Lagoon 2000+ 7,635
Other government-controlled land 500+
Non-government organisations rooftops or land 500+

Raised fixed structure (roads or alternative sites) 750+

Non-Government organisation building rooftops 500+

Transportation (Road transport and Maritime transport) and
Energy Efficiency

As discussed in earlier sections, Tuvalu's NDC Implementation Roadmap and Plan has identified two
mitigation opportunities each in land transport sector and maritime transport and energy efficiency.
Jointly these mitigation opportunities have;

. Potential to reduce emissions by 9.258 Gg CO2e by 2030.
. An annual GHG mitigation potential of 1.777 Gg CO2e in 2030.
. An indicative investment need of US$19,850,000 by 2030.

The detail description of these projects is delineated in the table ES-4 provided below.




Table ES- 4: Land and Maritime transport and Energy Efficiency mitigation opportunities

Opportunity Indicative Annual GHG Cumulative GHG Implementatio
investment needs emissions emissions n timeframe
to 2030 (US$) reduction in 2030 reduction by
(Gg COze) 2030 (Gg COze)
Land transport
E-bike 3,444,000 0.198 1.089 2022-2030
initiative
Electrification 13,470,000 0.537 2.417 2022-2030
of Tuvalu's
light vehicle
fleet
Maritime transport
Outboard 2,619,000 0.764 3.82 2022-2030
motor
transition
from 2-stroke
petrol
outboards to
4-stroke
Shore side 50,000 0.144 1.08 2022-2024
electrical

supply for at
berth vessels

Energy Efficiency

Retrofitting of major 140,000 0.086 0.516 2022-2026
hotels and

commercial and

government

buildings

Cold storage energy 125,000 0.048 0.336 2023-2030
efficiency

Projected GHG Emissions in Tuvalu

Two scenarios are presented:

a) Baseline Scenario: This scenario presents a business-as-usual projection of Tuvalu GHG
emissions between 2020-2030. It is assumed that emissions will continue to increase with the
current trend and that no GHG abatement measures will be implemented.

b) With Measures Scenario: This scenario is built on the assumption that all of the mitigation
opportunities identified in the previous section is being implemented. It is important to note that
these scenarios do not include emissions and removal from land-use change and forestry.




Figure ES- 5: Tuvalu's total GHG emissions by sectors (excluding removals) in Gg CO2e: 1994-2021
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Climate Finance for mitigation

For the realization of the NDC targets the mitigation measures identified will need a funding of
about USS 40.841 million. During the period 2014-2021, Tuvalu has received approximately USD 27
million from both Bilateral (USD 11 million) and Multilateral financial institutions, including regional
development banks (USD 16 million).

Tuvalu is the world's second lowest-lying country and sea level rise poses a fundamental risk to its
very existence. With the current commitments expressed in the NDCs imply global warming of about
3°C above pre-industrial levels by 2100 it is difficult to be optimistic in terms of conclusions for any
specific country such as Tuvalu. The effective implementation of mitigation measures would require
accessibility, availability and timely provision of financial resource, technology and capacity building
support.

ES.5. Other Information

Research and Systematic Observations

The Tuvalu Meteorological Service (TMS) is the principal Meteorological observatory of Tuvalu and is
responsible for providing weather services to the islands of Tuvalu. The main observational office is
on Funafuti. TMS operates outstations on Nanumea, Nui and Niulakita. TMS operates or monitors: 4
synoptic stations; 5 rainfall stations; 1 upper air research program; 1 tide gauge with Tsunami warning
system; 1 Continuous Global Positioning System (CGPS) station; 1 Seismic station (USGS).

The TMS publishes weather forecasts, warnings as to tropical cyclones, weather charts and weather
satellite images on its website, with weather forecasts and storm warnings also broadcast by the
Tuvalu Media Corporation, which operates Radio Tuvalu.

The TMS operates 2 meteorological programmes (surface observation programme and upper air
programme) and hosts other climatological research projects. It participates in the activities of:
World Meteorological Organization (WMO), South Pacific Applied Geoscience Commission (SOPAC),
Secretariat of the Pacific Regional Environment Programme (SPREP) and the Pacific Meteorological
Council (PMC).




Information on climate change education, training and public
awareness

The Department of Education, under the Ministry of Education, Youth, and Sport, is responsible
for education and training in Tuvalu. Although there is no specific climate change communication
and education strategy, climate change education and communication are well integrated into
environmental, strategic, and educational planning. Climate change is a prominent focus in the Tuvalu
Education Sector Plan Ill (2016-2020).

Several government policies set targets for better integrating climate change education in Tuvalu's
schools and curriculum. One such policy is the National Strategic Action Plan for Climate Change
and Disaster Risk Management. Other resources, such as the Secretariat of the Pacific Community's
Learning About Climate Change the Pacific Way-Tuvalu (2015), have provided valuable context for
Tuvaluan teachers to understand how climate change education can be integrated into the curriculum
and share resources for specific climate change lessons.

Teacher training is indeed a broader challenge in Tuvalu, affecting various aspects of education,
including climate change education. The Learning About Climate Change the Pacific Way-Tuvalu is a
climate change education resource developed in 2015 serves as a guide for teachers, offering targeted
lesson plans and curriculum links for climate change education aligned with Tuvalu's curriculum.

Climate change and public awareness

To actively engage the public on climate change awareness, the Government of Tuvalu organized a
Climate Change Awareness Week in August 2023 to promote climate change awareness to the public
and share the work of the Department of Climate Change and Disaster. The event included capacity
building to schools, young people, and others in the capital of Funafuti on adaptation and mitigation
measures.

Training and capacity building
In Tuvalu, the delivery of training through ad-hoc project delivery or general training events has not
resulted in significant long-term sustainable capacity for climate change adaptation and mitigation.

Gender and Climate Change

Tuvalu's unique geography presents challenges amid climate change. Concentrated vulnerability in
Funafuti, gender disparities, and data inequalities are notable. Intersecting identities exacerbate these
disparities. Gender inequalities intensify climate-related impacts, emphasizing the need for a gender-
responsive approach. Tuvalu's National Gender Policy and revised Sustainable Development Strategy
underline gender mainstreaming. Challenges include limited funding, cultural norms, data gaps, and
awareness. Tuvalu plans to enhance funding, promote sensitivity, improve data, and offer training.
Integrating gender and climate action is crucial for resilience and sustainable development.

Congtraints and gaps, and related financial, technical and capacity
needs

GHG Inventory
The country needs technical and financial resources and capacity building to improve its inventory
compilation system. Financial resources are required improving the data collection and compilation
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system. Currently the most limiting of these is the lack of capacity. Data providers and inventory
compilers need training on various aspects of the GHG inventory update process for efficient and
accurate data collection and inventory management. Data providers and inventory compilers need
training on various aspects of the GHG inventory process. These areas include data collection
templates, IPCC guidelines, software use, uncertainty estimation, key category analysis, QA/QC
processes, and uncertainty analysis.

Improvements are planned in procedural arrangements, energy sector data, livestock data, forestry
and land use, waste sector data, and adopting higher-tier approaches. Capacity-building initiatives
will focus on stakeholders involved in monitoring and data collection. Key category analysis, trend
analysis, and implementing an integrated MRV tool for the national GHG inventory are also prioritized.

Mitigation

With the NDC in place, Tuvalu's NDC Implementation Roadmap and NDC Investment Plan (NDC
Roadmap and Plan) provides guidelines for its implementation and achieving the target set out to meet
the country's commitment for the land transport, maritime transport, and energy efficiency sectors.
However, several constraints and needs impede effective GHG mitigation projects, including financial
limitations, limited private sector involvement, inadequate institutional capacity, lack of experience
and technical skills, data scarcity, and inadequate data analysis tools. Coordination challenges, low
public awareness, market structure limitations, land constraints, and policy revisions further hinder
progress.

Addressing these challenges is essential for successful mitigation initiatives. Leveraging international
carbon markets, accessing multilateral funding mechanisms, tapping into blue carbon opportunities,
and developing an Energy Efficiency Strategy & Action Plan are key opportunities to overcome
constraints.

Adaptation

Tuvalu faces various gaps and barriers that hinder its efforts to enhance climate resilience. Addressing
these gaps and barriers is crucial to effectively manage climate change risks and ensure the long-
term sustainability and well-being of Tuvalu's population. Key constraints and needs for adaptation
implementation in Tuvalu includes: Lack of interest of stakeholders, lack of finance, private sector
involvement, limited access to outer islands, land ownership, Lack of human capacity and retention
of human capacity, staff retention and shifting priorities of employees, low technical capacity in
conducting sector-specific climate change and disaster risk analyses, limited capacity to apprise
adaptation options, scientific research, insufficient climate data and many more. By addressing these
constraints and seizing available opportunities, Tuvalu can enhance its climate adaptation efforts,
strengthen resilience, and secure a sustainable future for its population.

GEF, Annex Il Parties, Multilateral/ Bilateral Contributions

With respect to this current Third national Communication (TNC), Tuvalu received financial support
from the GEF through the United Nations Environment Programme (UN Environment) amounting to
USD$500,000. The support has included detailed capacity building provided to the national technical
experts undertaking the studies and preparation of the reports.

Other than providing support for the TNC, GEF, Annex Il parties, bilateral and multilateral institutions
have also financially supported climate change activities in Tuvalu. Tuvalu has received funding from
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a wide variety of international sources, including multilateral sources like GEF, GCF, UNDP, UNEP, LDCF,
etc. Bilateral sources like USAID, EU, DFAT, MFAT, Japan, Italy, etc. Tuvalu has also received funding
from various multilateral financial institutions, including regional development banks and other
regional organizations like World Band, ADB, German Development Bank, SPREP and SPC.

During 2014-2022, Tuvalu received approximately USD 107.4 million, of which approx. 21% was from
multilateral sources, 63% from bilateral sources, 14% from Multilateral financial institutions, including
regional development banks and remaining 2% from other regional organizations.

Figure ES- 6: Finance received during 2014-2022
Finance Recieved
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This indicates that (at least in recent years) significant resources have been made available from
international sources to support climate change efforts in Tuvalu.

Finance needs and gaps

As identified in Chapter 4: Mitigation assessment, for realization of the NDC targets the mitigation
measures will need a funding of about US$ 40.85 million by 2030. The Tuvalu government and UNDP
are developing the 'Te Lafiga o Tuvalu' (Tuvalu's Refuge) a Long-Term Adaptation Plan (L-TAP), that
presents a new approach to adaptation, and is designed to provide comprehensive national solutions
to sea level rise beyond 2100. Continued international support is crucial to enable Tuvalu to implement
further actions outlined in its policies and plans, including at sector level. Further, the goal to pursue
a zero-carbon development pathway by 2050 is dependent on availability of finance and technology.

Technology

Tuvalu is starting on its TNA process in 2023 as part of the TNA IV project at which point it will start
deciding its priority sectors and technologies for both mitigation and adaptation. The TNA project will
allow Tuvalu to identify priority technologies as well as what is required to deploy them. Estimated
funding to be received from GEF for TNA project is approximately USD 295,650.




1. National Circumstances

This chapter provides overarching features and information on the circumstances of the country that
characterizes in its physical features, climatic, economic, and social development in Tuvalu. It also
presents the Institutional arrangements relevant to for Climate Change management in the country.

1.1. Geographic Setting

The archipelago of Tuvalu lies between latitude of 50 to 110 south and between longitude of 1760 and
1800 east of Greenwich. It is located approximately 1,100 kilometres (km) north of Fiji and 1,400 km
south of the Republic of Kiribati. Situated in the South Pacific Ocean consisting of nine islands that
stretch 579 km in length. The islands have a combined land area of 26 km2 and are surrounded by
1.3 million km2 of ocean, including an Exclusive Economic Zone of 719,174 km2. The average height
above sea level is less than 3 metres (m) with the highest point above sea level being 4.6 m in Niulakita
(Government of Tuvalu, 2012).

The nine atolls, which extend over a distance of about 570 km from Nanumea in the northwest to
Niulakita in the southeast, include five classic “true atolls” consisting of varying numbers of reef
islets or motu encircling or bordering a central lagoon or lagoons (Nanumea, Nui, Nukufetau, Funafuti
and Nukulaelae); three single raised limestone islets with no central lagoon, but with small remnant
landlocked “fossil” lagoons (Niutao, Nanumaga and Niulakita); and one, Vaitupu, the island with
greatest land area of 5.6 km2 which is intermediate to these and which is a broad, pear-shaped
limestone island with two small relatively land-locked internal lagoons (Thaman et al. 2017). Most
of the islands of Tuvalu have an average elevation of only 1 to 2 m above sea level with only limited
areas rising above 3 m (Carter 1984; Rogers 1991; Thaman et al. 2013). The remoteness of the islands
dispersed over a vast area of ocean, and limited inter-island transportation contribute to geographical
isolation.

Only two of the islands, Funafuti and Nukufetau, have natural harbours for oceangoing ships. A marine
coral animal called foraminiferal that contribute to the formation of these islands are currently under
stress due to climate change impact and anthropogenic actions. As a consequence, the nine islands of
Tuvalu remain highly vulnerable to coastal erosion and other related climatic negative impacts (JICA,
2014). There are no rivers on the islands and groundwater is extremely limited.

! Foraminifera are amoeba-like single-celled aquatic (mostly marine) protozoa that form carbonate
skeletons. On their death, these skeletons form sand. In Funafuti this is the pink sand found around
the atoll.




Figure 1.1: Map of Tuvalu

1.2. Climate

Tuvalu has a tropical climate, and it is characterized by two distinct seasons, a wet season from
November to April and a dry season from May to October. This seasonal cycle is strongly influenced
by the South Pacific Convergence Zone (Australian Bureau of Meteorology and CSIRO, 2011). The
mean annual rainfall in the southern islands of Tuvalu is 3,400 mm while in the north is 2,900 mm.
Temperature ranges from 25 degrees Celsius (°C) to 30°C all year around.

The tropical cyclone season is from November to April. Tuvalu is particularly vulnerable to cyclone-
generated winds, storm surges and swells. (Climate of Tuvalu is discussed more briefly in the
forthcoming chapter i.e., under the Chapter 3: Vulnerability and Adaptation assessment).

1.3. Population

The total enumerated population for Tuvalu during the 2017 Mini-census was 10,645 people (Figure
1.2), this sums up the 10,507 permanent residents and 138 visitors or the non-residents. Within
the 5 years from 2012 to 2017, the total population has decreased by 137 people. The first decline
experienced with the census population, and a straight decrease of -1.3%, making an annual average
growth rate of -0.3% per annum.




Figure 1.2: Total population, 1921 — 2017
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Source: Mini census report 2017, Government of Tuvalu.

Table 1.1 shows the residents of Funafuti had been below 4,000 people back in the days, now it is
exceeding 6,000. Its average annual growth rate reached 3% and above starting in 2012. The growth
used to be 2.3% or less before. Note the enormous decline with residents of outer islands (-4.3%
average annual rate). A huge decline experienced with census population over the years. With due
to the population decline, the resident population density has decreased from 416 people per square
kilometre in 2012 to 410 people per square kilometre in 2017. Statically urban Funafuti increased it
density from 1,941 to 2,257 people per square kilometre. The outer islands of Tuvalu have decreased
from 228 to 171 people per square kilometre during the 5 years period.

Table 1.1: Growth and density of resident population by island of usual residence, 1991-2017

ISLAND POPULATION ANNUAL GROWTH DENSITY
RATE*

T N N el ) BN R K

FUNAFUTI 3,086 3,962 5,436 6,320 1,102 1,415 1,941 2,360
ouT 5695 5,397 5,204 4,187 -0.5 04 -43 250 237 228 178
ISLANDS

Nanumea 893 855 612 512 -0.4 -3.3  -3.6 229 219 157 146
Nanumaga 714 710 551 491 -0.1 -25 | 23 255 254 197 167
Niutao 884 817 694 582 -0.7 -1.6 | -35 354 327 278 248
Nui 657 610 729 610 -0.7 1.8 -3.6 235 218 260 170
Vaitupu 1,286 1,310 1,542 1,061 0.2 16  -75 230 234 275 197
Nukufetau 826 701 666 597 -1.5 -0.5 -22 275 234 222 178
Nukulaela 361 392 364 300 0.7 -0.7 | -39 201 218 202 157
:iulakita 74 2 46 34 -328 314 -6.0 185 5 115 81

TUVALU 8,781 9,359 10,640 10,507 0.6 13  -03 343 366 416 402
*Annual average rate of growth (%)




The urban drift of people from outer islands is constantly increasing from 2002 to 2017 as shown in
Figure 1.3. The main reason to this is the fact of seeking job opportunities as well for education at the
Fetuvalu High School and at the USP centre.

Figure 1.3: Population of Funafuti by home island, 2002 -2017
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Pertaining to the urban drift, outer islands population are decreasing as revealed in Figure 1.4.
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Figure 1.4: Population at the outer islands, 2002 — 2017
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Population projections for Tuvalu estimates a gradual population increase over the next 20 years.
Tuvalu's population is forecasted to reach 13,300 by 2025 and 15,600 by 2035 (SPC, 2013). The
expected growth in population will push the population density from 421 persons per km2 in 2012 to

600 persons per km2 in 2035.




1.4. Economy

The dispersed nature of the islands, isolation from key international and regional markets, tiny land
mass and small population, and narrow natural resource base are major constraints to economic
development in Tuvalu. The national economy is reliant on donor aid with additional revenue being
sourced from taxes, custom duties, postage stamp sales, fishing and dot TV domain licenses. Tuvalu's
gross domestic product (GDP) was estimated at US$67 million in 2020 (GoT Fiscal Budget, 2020). As
from 2014 to 2020 the overall fiscal ratios GDP for Tuvalu has been rising annually while 2019 to 2020
rises to 1% (Table 1.2).

Table 1.2: Fiscal ratios GDP for Tuvalu. Source from GoT Budget Report 2020.

FISCAL RATIOS - PRE BUDGET CEILINGS
L4 Reual 218 Adud BLE Aegl MBI Actwal TALE Armsal ELELET Y Aetd

Tauation AL BESIZL TIESTES]  BEMEETI4  SATLENSE  IA0NN0SE  LLesmpmEE
fsgurram Expendnuee WA MAED  ARRELMARA]  STTMRAMS!  SLERLEWTT MBA0TEN  SSSUMAS &06IN%
saaffing BIELHIN  IRNGASE  IAMTO0E MEAMALD  DANTIIE  JMMLMGE s
VTS 13046 AEREGEI0  AEGIMOS 0 RIMEEIE 433111540 2 SEERSLAl RS IOOGT
teholaeshn LS TE  IFRIIRE  LMIBIE0E . SEMSMS5  4STAIME 4RGSRN AIBRR
Fiscal Balanoe G000 4332  DGIOEIZGT - ASRAEH - ANDRSME]L  ITIRGMLIE  ASTLESAN ASILAMSE
Capital sperding ATIAMSGS  IMESSELES  IRNSIINS  Relad4ml  MeLEM0r  SLELEE SmOTAam
Fishing Lcerse BN AR MIENOM MINXIN NE2SET SLBLINT O EIMDIN  ANLHal
Bomestic Revenue MR STOMESAN]  SLLEEE  SMARNE  MGASM  ERSTMATI  TLMATHE
Goe QHERARMN EMITIE SSSAELT SIS HBLMAN  SAMAN  AEAIRR

The establishment of the Tuvalu Trust Fund (TTF) in the early 1980's serves as the most important
capital resource to finance recurrent government expenditure in times of fiscal downturn and is a
crucial source of supplementary budget. The TTF capital resource grew from AU$55.8 million in 1999
to AU$143.2 million in 2015, adjusted for inflation, a total increase of 156%. The Maintained value as
on 31 March 2021 was $188.4 million, an increase of $2.7 million over the last 6 months from the 1.5%
increase in CPI during the 6-month period (TTF Investment Committee Report, 2021). However, the
Market Value from the same report of the Investment Committee was $195.6 million after withdrawal
of $356,776 to fund the Secretariat budget for the year as approved by the Board in November 2020;
the Distributable Value i.e., the excess of Market Value over Maintained Value is $7.2 million (3.9% of
Maintained Value).

A similar strategy was adopted by government in 1999 to promote outer islands development. A
second trust fund called the Falekaupule Trust Fund (FTF) was established for the Kaupule to finance
development initiatives at the island level. The long-term outlook of government in adopting such
strategies is to try and reduce Tuvalu's dependency on foreign aid.

Fishing accounts for nearly all of Tuvalu's exports. The introduction of the Vessel Day Scheme and the
establishment of fishing joint ventures with Asian companies increased fishing exports and revenues
from fishing license fees. Total revenue for 2021 is estimated to be at $108.1 million. This includes
AUDS$33.0 million with an additional $9.0 million as windfall fishing license revenues, $8.8 million from
taxation, and $8.2 million from the dot.TV lease agreement. In addition, general budget support is
estimated to be $34.6 million with an increase of $11.3 million (49%) from the 2020 Budget (GoT
National Budget, 2021).




The budget for 2021 has a strong fiscal position due mainly due to the disbursement of the Asian
Development Bank and the World Bank general budget supports which usually occur every two years.
The selling of Tuvalu's Fishing Vessel, FV Taumoana, for AUD$10.4 million and windfall revenues
from fishing licenses ($9.0 million) provides an opportunity to finance major investments initiatives
including the establishment of Air Tuvalu with the procurement of a new aircraft and the construction
of airstrips on the outer islands (GoT National Budget, 2021).

In terms of household income, the main sources are wages and salary and remittances from a family
member working abroad, mainly as seafarers. Other sources of household income included rental
income from buildings, land and equipment, pension, sales of handicrafts, crops, fish and livestock,
and business and investments. The population living below the national poverty line was 26.3% in
2010 (World Bank, 2015). Despite the decrease in the labour force participation rate in 2017 when
compared to that of year 2012, the employment population ratio increases from 28.6% to 32.7% during
the inter-censual period. Additionally, the unemployment rate has decrease to 28.5% in 2017 from
39.6% recorded in 2012.

A higher proportion of the outer island population is engaged in subsistence agriculture, fishing and
domestic duties compared to the population in Funafuti. At the time of the 2002 Census, approximately
60.9% of the labour force was involved in subsistence activities in the outer islands, compared to
10.8% in Funafuti (Government of Tuvalu, 2002).

1.5. Land Ownership and Tenure

One of the main obstacles hindering the development of Tuvalu is the system of land ownership. The
increasing population density in the capital is driven by urban migration from the outer islands. The
limited supply of land in Funafuti affects housing shortages and rental increase. The Tuvaluan land
tenure system is based on the principle of land inheritance (land passed down from father or mother)
to sons/daughters and subdivision of land between the landowners themselves. This system has
advantages and disadvantages, like fragmentation of land plots through continual subdivision that
may be inconsistent with pattern of growth. Disputes over land boundaries and multiple ownership of
land are prevalent due to limitations with land registration.

In the past and even today, these problems have acted as barriers to various economic developments
and investments, such as commercial agriculture, infrastructure and building developments, leasing of
land to others and in particular, the exchange of land between indigenous Tuvaluans.

Building a house in Funafuti is a long process even to the landowners. The landowners have the right to
build their house, but the final approval has to come from the Kaupule in collaboration with resolution
that passed from the Falekaupule. New reclamation projects had provided opportunities to overcome
existing burdens on land tenure mostly on Funafuti where the Government headquarter is located with
other amenities.

The Tuvalu Borrow Pits Rehabilitation Project of filling borrow pits that were created on Funafuti (on
the islets of Fongafale and Tegako) during World War 1l for the purpose of constructing the airport
runway. The project improvements associated with rehabilitating land that has been essentially
unusable for the past 73 years (Kaly and Peacock-Taylor; 2014). The goal of the project is to improve
living standards for communities in Funafuti to:




. Improved water and sanitation for those living in and around the borrow pits.
. Improved climate change resilience through increased access to clean water; and
. Increased available land in Fongafale.

Photo 1: Showing the outcome of the Borrow Pits Rehabilitation Project.

Source: Photo obtained from Ursula Kaly collection, June 2021.

The construction of the QEIl Park is another milestone as a countermeasure to address land tenure as
arequirement by Government to increase land area for its headquarter development. The Park is now a
home for the Government Parliament, Convention Centre, Public Hall and VIP accommodations, Public
Show Centre and other leisure activities.

Photo 2: Showing the outcome of land reclamation — Queen Elizabeth Il Park.

1.6. Agriculture

Pesticides and fertilizers use are minimal. Similarly, livestock production is of subsistence nature, with
swineg, free-range chicken and ducks being the main livestock kept by households. Compared to other
countries in the Pacific region, agricultural productivity in Tuvalu is low due to poor soil and water
retention capacity, low levels of organic material, scarcity of arable land and fresh water, and lack of
agricultural technology. Barriers such as the lack of access to credit, limited agricultural extension
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services, under-utilization of local agricultural markets and unreliable inter-island transport also stifle
agricultural development beyond subsistence farming.

Despite the challenges, Tuvaluans have developed a highly sustainable farming system to produce
pulaka (swamp taro) (Cytrosperma chamissonis) and taro (Colocasia esculenta) which involves an
extensive composting technique using pits dug to a depth of between 1-4 m and then filled with
compost. The NAPA 1 Project developed a cemented made pulaka pit in Nanumaga Island to overcome
soil salinity because of salt intrusion. This approach was confirmed to be very successful during
drought seasons and moreover when dug out pulaka pits are heavily affected with salt intrusion. The
Climate Change Department is currently working on a proposal to seek funding to replicate this project
also on the other four Islands (Niutao, Nanumea, Nui and Nukulaelae).

Other crops grown in Tuvalu include breadfruit, pandanus, fig, banana, and pawpaw. The bird nest
fern (Asplenium nidus) or known locally as laulu, is the only leafy vegetable grown in the wild which
is consumed as a local delicacy. Vegetables such as tomato, cucumber, cabbage, sweet potato and
pumpkin are grown in some home gardens, while these are grown at a larger scale in the Taiwanese
Government supported vegetable farm in Funafuti and Vaitupu.

As part of the European Union (EU), Secretariat of the Pacific Community (SPC) and the Global Climate
Change Alliance (GCCA) supported project, Improving Agroforestry Systems to Enhance Food Security
and Build Resilience to Climate Change in Tuvalu, intercropping has been introduced in coconut
woodlands this year (2015). Two sites in Funafuti and one site in Nukufetau have been selected for
the coconut-based agroforestry. The project is being implemented by the Department of Agriculture.
The Live and Learn Project which currently in implementation stages had been confirmed from
Nukulaelae Island to be highly productive and advantageous at the household level in providing better
nutrition as well small income at household level. Currently the project is encroaching to Nukufetau
Island and targeting to cover the whole nation in the near future. The Nukufetau approach focus at the
community level by growing vegetables and sell them to the community.

1.7. Fisheries

Subsistence fishing is very much part of the Tuvaluan way of life, providing essential source of protein
as well as a means of livelihoods for households on all islands. Handline, gill netting and trawling
are common methods used (Government of Tuvalu, 2014). All fish, regardless of the size, are caught
and consumed. While the majority of fish consumed locally comes from coastal fisheries, production
has not increased significantly in recent decades despite indications in each island communities of
increasing fishing pressure. This suggests that the marine resources that support coastal fisheries
in Tuvalu communities are fully or over-exploited. This situation is likely further exacerbated by the
impacts of climate change in coastal areas (TDF Annual Report, 2020).

Traditionally, canoes dug out of Fetau (Calophyllum inophyllum) and Puka (Hernandia nymphaeifolia)
were used by artisanal fishermen which are now increasingly being replaced by modern timber-
constructed boats with outboard motors. Lobsters, shellfish and molluscs including giant clams are
also caught in reefs, but the population of these species are on the decline, especially in Funafuti
(Lovell et al, 2004).




Inshore fisheries are managed and controlled by Kaupule which has powers to regulate fishing and
related industries and to enforce the conservation of fish on their respective islands as stipulated
in the 2008 Falekaupule Act. The Government, through the Coastal Fisheries Division, works closely
with Kaupule and fishermen on each island to collect data on fish catch, undertake sampling for water
quality and ciguatera, and to promote sustainable use of marine resources.

To address the issue of over-fishing, 10 marine conservation areas were established on nine islands
including Niulakita the furthest southern island. The Funafuti Conservation Area was the first
conservation area to be established in 1997 and the Funafuti Conservation Area Act came into force
on 1 December 1999. The Funafuti Conservation Area is a marine protected area covering 33 km2 of
the western reef margin including six small islets. All conservation areas are managed by the Kaupule
however it is not completely effective as poaching has been reported on some islands (Government of
Tuvalu, 2014). While further efforts are needed in the areas of enforcement and management, marine
conservation areas play a vital role in biodiversity conservation and sustainable fisheries management
in Tuvalu.

Off-shore fisheries, in the form of purse seine and longline vessels operate within the Exclusive
Economic Zones (EEZ) of Tuvalu with skipjack being the main catch. These include but are not limited
to foreign fishing vessels from Japan, Korea, New Zealand, Taiwan and the United States.

The Oceanic Division of the Tuvalu Government's Fisheries Department manages the Vessel Day
Scheme (VDS). As part of the VDS, trained observers are deployed to ensure the catch for each foreign
vessel complies with the licence and access agreements. The Tuvalu Police Service also conducts
regular patrols of Tuvalu's maritime boundaries to detect any illegal fishing.

In 2020, the total number of fishing licenses this year increased by 13% from the previous year (Table
1.3). The upward trend was driven largely by the surge in PS licenses (37% up from last year). Pole
and line also increased to 16 this year compared to 14 as of last year. But a declining trend was very
obvious in the LL fleet since a peak in 2017 with a big drop being recorded this year. This was partly a
result of meeting our regional commitment of having all LL registered through the PNA FIMs platform
when applying for a fishing license. Also, the COVID pandemic had a serious impact on long-liners
targeting high value sashimi tuna. The Korean fleet, who have previously made up the bulk of the LL
fleet in Tuvalu, did not send any LL vessels in 2020 to fish in our waters causing a large drop in catch
number (TDF Annual Report, 2020).

Note that the figure provided is inclusive of the licenses issued under the other fishing arrangements
such sub-regional pooling, US treaty and the FSMA.

Table 1.3: Number of fishing licenses issued by gear type since 2016

YEAR LL PS PL FC B Total \
2016 66 210 3 41 1 321
2017 115 173 0 40 0 328
2018 77 187 0 45 0 309
2019 70 199 14 51 0 334
2020 31 272 16 55 4 377




Where, LL=Long Line, PS=Purse Seine, PL= Pole and Line, FC= Fish Carrier, B= Bunker vessels

The figure 1.5 illustrates the actual number of licenses issued under the various fishing arrangement
for 2020. Note that UST and FSMA licences are issued by the administrators of those schemes but are
valid for fishing in Tuvalu waters.

Figure 1.5: 2020 Fishing licenses by fishing arrangements for 2020

2020 fishing licenses by fishing
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The three active Purse Seine (PS) vessels landed a total catch of 8,525mt (Table 1.4 and Figure 1.6)
this year, the second highest for the reported period and an increase of 48% from the previous year.
Skipjack tuna dominated the catch accounting for 91% of the total catch. A significant bigeye catch
was also landed.

Table 1.4: Purse seine catch by Tuvalu flagged vessels. Source: SPC Tufman 2 Dorado report — Recon

Year BET SKJ YFT Total
2016 0 5970 140 6110
2017 8 4551 1082 5641
2018 345* 9226 1379 10950
2019 9 5559 200 5768
2020 394* 7737 394 8525

Where, BET= Bigeye tuna, SKJ= Skipjack tuna, YFT= Yellowfin tuna

Figure 1.6: Catch by species. Tufman 2 Dorado report — Recon
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The Pakasoa, the only Tuvalu flagged LL vessel fishing in the WCPFC convention area in 2020, landed
an estimated total catch of 219mt (Table 1.5 & Figure 1.7), the lowest for the reported period. The low
catch was attributed to the Pakasoa being dry docked for part of 2020. Albacore tuna constituted
the bulk of the catch with 94mt, yellowfin 82mt, and bigeye 26mt. Some by-catch species were also
landed, and these include bill fish and skipjack contributing 5% and 2% respectively, to the total catch.

Table 1.5: Longline catch by Tuvaluan flagged vessel(s). Tufman 2 Dorado report - Recon

YEAR ALB =13) SKJ YFT OTH TOTAL ‘
2016 134 312 6 331 70 853
2017 330 328 11 390 78 1137
2018 222 241 20 237 49 769
2019 153 171 26 249 36 635
2020 94 26 5 82 12 219

ALB= Albacore tuna, Bet= Bigeye tuna, SKJ= Skipjack tuna, YFT= Yellowfin tun

Figure 1.7: Catch by species composition by Tuvaluan flagged longliners 2016 to 2020. SPC Tufman
2 Dorado report — Recon
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The Tuvalu Pacific Islands Regional Oceanscape Program (PROP) Project aims to the restructuring of
the Tuvalu Fisheries Department (TDF) to achieve greater effectiveness, and for several initiatives to
be undertaken towards generating greater revenues for the GoT and employment for Tuvaluans at sea,
and to improve the management of inshore fisheries resources. It covers four major components to
provide the basis for sustainable and increased economic benefits to the country. The four components
include:




1. Sustainable Management of Oceanic Fisheries (US$5.77 m IDA) aiming to help participating
Pacific Island countries strengthen the management of the region's purse seine and long-line
tuna fisheries.

2. Sustainable Management of Coastal Fisheries (US$1.13 m IDA; US$0.91 m GEF).

3. Sustainable Financing of the Conservation of Critical Fishery Habitats. This component

will be implemented at the regional level. 4. National Program Management, Monitoring and
Evaluation (USS0.1 m IDA).

1.8. Biodiversity

The importance of the marine environment remains a top priority in the lives of Tuvaluan people.
Conservation of biodiversity in Tuvalu is not a new concept as it has been part of the traditional
system of natural resource management. With the gradual growth in population and the transition
from subsistence to semi-commercial economy, traditional biodiversity conservation practices are
diminishing. Key environmental challenges for Tuvaluinclude overfishing, land clearing, overexploitation
of natural resources, poor waste and pollution management and sea level rise (Government of Tuvalu,
2005).

Despite being small in size, the islands of Tuvalu are characterised by a variety of vegetation types.
These include inland broadleaf forest and woodland, coastal littoral forest and scrub, mangroves and
wetlands, coconut woodland and agroforest, excavated taro pits, home and urban gardens, intensive
vegetable and food gardens and ruderal vegetation (Thaman, Fihaki and Fong, 2012). Terrestrial
vascular plants reported for Tuvalu reaches 356 species of which only 18% are possibly indigenous to
the island (Thaman et al, 2012). All the other species are introduced species. According to Thaman et
al (2012), there are no endemic species in Tuvalu. The majority of species are ornamentals and shrubs.
For marine species, there are 1,453 different species including 532 species of fish, 411 species of
macro-invertebrates, 379 species of cnidarians, 59 species of marine algae, 41 species of residential
and migratory birds, 21 mammals, 4 species of sponges, 4 species of reptiles and 2 species of
mangroves (Job, 2009). According to the IUCN (International Union for the Conservation of Nature)
Red List of Threatened Species list, 8 animal species are considered to be endangered in Tuvalu,
among them are humphead wrasses (Cheilinus undulates), whale sharks (Rhincodon typus) and green
turtles (Chelonian mydas).

A new reportedly endemic gecko, tepukapili (Lepidodactylus tepukapili), with a highly pigmented oral
cavity like the Rotuman species (L gardineri), was identified from Tepuka Islet in 1998 (Zug et al. 2003).
Figure 1.8 shows different gecko in Tuvalu including that endemic species.

Figure 1.8: Tuvalu 1986 commemorative reptile stamp issue featuring mourning gecko (Lepidodacty-
lus lugubris), oceanic gecko ((Gehrya oceanica), copper-tailed skink (Emoia cyanura) and moth skink
(Lipinia noctua)




Environmental management at the national level falls under the responsibility of the Government's
Department of Environment. This Department is tasked to oversee the development and implementation
of policies and programs concerning environmental protection and sustainable development. Its
function is guided by national legal and regulatory instruments such as the 2008 Environmental
Protection Act, the 2014 Environmental Impact Assessment Regulations, the 2008 Conservation Areas
Act and the 2008 Wildlife Conservation Act.

1.9. Energy

The energy sector in Tuvalu is predominantly attributed to electricity generation using diesel-based
generators. In Funafuti and some separate islets of the Funafuti atoll, have small, inhabited areas that
continue to have no power or are served by solar home systems (Funafala Islet) or stand-alone diesel
power (Amatuku Islet). Te Kete, Tuvalu National Strategy for Sustainable Development (NSSD) 2021-
2030, National Outcome 19 highlighted that a quality and affordable energy supply is priority with
consideration to (GoT — Te Kete, 2020):

. Assess the appropriate energy mix through research, collaboration and partnership.

. Strengthen efforts on decreasing the high dependency on costly fuel imports.

. Review the existing energy supply on the outer islands as well as on Funafuti and consider
installing suitable solar energy service provision.

In 2001, as part of the government initiative, the outer islands were connected to diesel grids (except
for Niulakita where solar is used). Virtually all household lighting is by electricity, although there
remains minor kerosene use in the islands where power is not provided 24- hours a day. About 92% of
the total households are connected to the diesel electricity grid2.

Since 2012, there has been substantial donor investment in solar energy across the country. Starting
in Funafuti, a 66 kWp grid-connected PV (funded by Japan) and a 9kWp solar PV standalone (funded
by Australia, United Kingdom and United States) have been installed at the desalination plant. By 2015,
solar PVs had been installed at the government building

2 Country Energy Profile: Tuvalu-Clean Energy Information Portal. Available at:
http://www.reegle.info/countries/tuvalu-energy-profile/TV#extend_network
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(130kWp), Tuvalu Media (49 kWp) and Princess Margaret Hospital (75 kWp) in Funafuti as well as on
the outer islands.

Tuvalu's electric power industry is under the supervision of the Ministry of Works and Energy, and the
Tuvalu Electric Corporation (TEC) is the state-owned power utility which plans, operates and maintains
the generation, distribution and sales of electric power on the archipelago's inhabited islands (e8
Tuvalu Solar Power Project, 2009). Financial assistance from Japan is used to subsidise the cost of
fuel for the operation of the power plant.

Since 1996, the total import of diesel has tripled. As diesel fuel is used for generating electricity,
predominantly in Funafuti, the huge rise in demand for diesel is owing to rapid urban growth. In 2015, a
total of 1,402.07 kilolitres of fuel was used for electricity generation by TEC. The increasing demand for
imported fuel go hand in hand with economic growth. However, the existing heavy reliance on imported
fuels makes Tuvalu exposed to fluctuations in the international fossil fuel markets.

For people living on the outer islands, energy is often the only hope for improving their standard of
living, and the government continues to encourage the development of new and renewable forms of
energy. It aims for 100% renewable energy by 2025 (Simona, 2021). As a result, solar power is being
widely used for household energy requirements on the outer islands which are supplemented by
diesel-generated electricity. For cooking, firewood is most commonly used on the outer islands. The
Department of Energy confirmed that wind power is now priority in their work-plan, however the impact
of Covid19 had delayed assessment on that sector (Simona, 2021).

As urbanisation continues, there will be a greater demand for electricity. Investment in renewable
energy is critical for Tuvalu to reduce reliance on fossil fuels and to achieve sustainable development.

1.10. Transport

Nearly all of the 1,240 vehicles registered in Tuvalu are being driven in Funafuti, where demand for
petroleum is the highest. In the outer islands, there are very few motor vehicles and scooters and
most of the petrol consumption is mainly used for outboard motorboats. Between 2006 and 2010, the
marine transport and power sectors were the largest consumers of imported fuels. The latest data
obtained from Customs Office on 16th June 2021, there has been an increase of imported vehicles
and motorcycles as tabulated in Table 1.6, not including Government vehicles imported for the Pacific
Leaders Group (PLG) meeting and the Pacific Islands Forum (PIF) meeting.

Table 1.6: Number of imported vehicles and motorcycle from 2015 to 2020

Types 2015 2016 2017 2018 2019 2020 Total ‘

Vehicles 29 40 64 50 53 61 297
Motorcycles 727 507 557 752 912 755 4210

Source: Data provided by the Customs Department, 2021.

For household cooking, liquid petroleum gas (LPG) began replacing kerosene in early 2000, particularly
on Funafuti, where over half the households now use LPG for some of their cooking. LPG is imported
from Fiji in individual small tanks. The Household Income and Expenditure Survey (HIES) Report
2015/2016 confirmed that LPG gas was categorized as the second most expenditure division of
house-hold expenses (SPC, 2018).




For aviation, Tuvalu has no domestic airline services. International flights are operated by Fiji Airways,
which runs a twice-weekly service between Suva and Funafuti, with additional flights during peak
seasons. "Te Kete" the National Strategy for Sustainable Development (NSSD) 2021-2030 Strategic
Priority Area 5, Subsection 5.18.2 highlighted the establishment of domestic air service while at
the same time build a new International Airport freeing up the existing airfield for other demanding
infrastructural target activities.

1.11. Institutional Arrangements for Climate Change

The national institutional arrangements facilitate individual Parties in ensuring that nationally
appropriate procedures for collecting, processing, reporting and archiving required data and
information are established and operational in a sustainable manner on a continuous basis. It also
helps to facilitate effective coordination among all relevant stakeholders from the public and private
sectors, in meeting the reporting requirements under the Convention, as well as addressing the broader
issue of climate change at the national level. Institutional arrangements assist Parties to:

a) Meet reporting requirements under the Convention.

b) Further build national capacities and ensure sustainability of reporting processes.
c¢) Inform national and international policymakers, at different levels.

d) Assist in institutionalizing activities relating to reporting on climate change.

1.11.1. Institutional Arrangements for the preparation of NCs and
BURs

According to the UNFCCC Guidelines for the preparation of national communications from Parties
not included in Annex | to the Convention3 the non-Annex | Parties may provide a description of
existing institutional arrangements relevant to the preparation of their national communications on
a continuous basis.

The Tuvalu has prepared and submitted two national communications to the United Nations
Framework Convention on Climate Change, i.e., the First National Communication (1999) and the
Second National Communication (2018). Given the status and its obligation as a non-annex 1 party,
Tuvalu shall submit its Third National Communication (present document) to the Conference of Parties
(COP) of the UNFCCC.

The third national communication of Tuvalu is being implemented by the Climate Change Department
under the Ministry of Finance. The project is sponsored by the Global Environment Facility (GEF) under
the United Nations Environment Program (UNEP) and its overall implementation was under the Climate
Change Department (CCD) from Ministry of Finance (MoF) through the selected Project Management
Unit (PMU) and in alongside with other large funded projects from the Green Climate Fund (GCF) and
GEF.

Key steps towards the preparation of third national communication and national GHG inventory for the
years 2015-2021 was as follows:

3 UNFCCC guidelines for the preparation of national communications from Parties not included in
Annex | to the Convention (Non-Annex | Parties)", contained in decision 17/CP.8. https://unfccc.int/
resource/docs/cop8/07a02.pdf#page=2%3E.




. Project Organization Structuring

. Thematic Working Group (TWGs) formation

. Stakeholder Consultation Process

. Training and Capacity building Programme

0 Data collection, Identification of data gaps and uncertainty assessment
. Documents/data review for quality assurance

2 Preparation of GHG Inventory Report

. Review and approval of the GHG Inventory Report

Project Organization Structure
The institutional arrangements for regular preparation of national communications (NCs) and biennial
update reports (BURs) have been established. The structure is depicted in Figure 1.9.

Figure 1.9: Institutional Arrangements and Organization structure for Tuvalu's TNC
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The Director of CCD is the Project Director that identifies a Project Manager/Coordinator to oversee
the preparation of the reports and manage coordination among the different stakeholders assisting
in developing the different components. The Project Manager/Coordinator liaise with the national
technical experts, consultants appointed for drafting of the National Circumstances, Mitigation,
Adaptation, Constraints & Gaps and related financial, technological, and capacity building needs and
support needed and received, and Other Information. This Project Manager/Coordinator also plays
a part in facilitating communication, technical cooperation and coordination among stakeholder
agencies and other project partners at national level. The Project Assistant is responsible for the
overall administration and/or additional support of the project (organizational and logistical).

The Technical Advisory Committee (TAC) consists of technical experts whose main role and
responsibility is to provide technical advice and input relating to project implementation, including to
share knowledge, review planned activities, verify/review findings, and support education (share
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information on project lessons learned with stakeholders at national level). All technical documents
and reports prepared are to be reviewed by this team of experts in an internal review before being
finalized.

The Project Steering Committee (PSC) is established to provide financial, policy and administrative
oversight. The function of the PSC is to focus mainly on final decisions on procurement, institutional
arrangements, and financial management of the project. This PSC consists of the Project Director,
National Departmental Representatives, UNEP Representative, Project Manager/Coordinator and
Project Assistant.

The flow of information is from the data providers to the Thematic Working Groups (TWGs) and
consultants and draft reports are submitted by these teams to the Project Manager/ Coordinator
that shares these with the TAC for technical review. Upon finalizing the report, the Project Manager/
Coordinator finalizes the documents for submission to the Director of CCD for approval. Lastly, CCD
submits the finalized NC and BUR reports to the UNFCCC.

Ministry of Finance

In Tuvalu, the Ministry of Finance (MoF) is the national focal point for climate change and has oversight
of the Climate Change Department (CCD). It is also the focal point of the following climate change
related international organizations, centres, initiatives, and funding bodies such as:

. United Nations Framework Convention on Climate Change (UNFCCC)
. Intergovernmental Panel on Climate Change (IPCC)

. Green Climate Fund (GCF)

. Global Environment Facility (GEF)

. Adaptation Fund

. Climate Investment Funds (CIF)

. World Bank

. Pacific Islands Forum Secretariat (PIFS)

. Pacific Community (SPC)

. Secretariat of the Pacific Regional Environment Programme (SPREP)
. United Nations Development Programme (UNDP)

. United Nations Environment Programme (UNEP)

. Global Green Growth Institute (GGGI)

. Asia-Pacific Economic Cooperation (APEC)

. Association of Small Island States (AOSIS)

Climate Change Department (CCD)

The Climate Change Department (CCD) under the oversight of Ministry of Finance (MoF), is responsible
for the preparation and submission of the National Communications (NC). The CCD handles all climate
change related matters to project implementation under climate change. CCD is the national focal
point for climate change and the Secretariat for the National Advisory Council on Climate Change
(NACCC).

National Advisory Council on Climate Change (NACCC)

National Advisory Council on Climate Change (NACCC) was established in early 2014. The role of
the NACCC is to provide advice to the Prime Minister on how to effectively coordinate a whole-of-
government response to the challenges of climate change.
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The main functions of the NACCC are to identify:

. actions or strategies to achieve energy efficiencies.

. actions or strategies to increase the use of renewable energy.

. actions or strategies to encourage the private sector and NGOs to reduce greenhouse gas
emissions.

. actions or strategies to ensure a whole of government response to adaptation and climate
change related disaster risk reduction.

. actions or strategies to encourage the private sector and NGOs to develop locally appropriate
technologies for adaptation and climate change mitigation (reductions in greenhouse gas
emissions)

. policy options on Tuvalu's engagement with the international community to address climate
change.

. options for funding adaptation and mitigation projects.

The Council also liaise with the Director of Climate Change Department (CCD) and the Tuvalu
Ambassador for Climate Change, as required. The Council should also consult with representatives of
the private sector, NGOs and the community.

Membership: The National Advisory Council on Climate Change should be constituted by the following
representatives:

Figure 1.10: Representatives of NACCC

Department/Organization Minister for Climate Change Department - Chair
Director of CCD - Secretariat
Attorney General
Director of Environment
Director of Planning & Budget
Director of Energy
Director of Agriculture
Director of Fisheries
Chief Meteorological Services
Director of Public Works
Director of Disaster
Director of Gender Affairs
Chief of Protocol
Director of Health
Director of Rural Development
Director of Lands & Survey
Coordinator TNCW
Coordinator TANGO
Secretary EKT

The Prime Minister also attends meetings of the Council if he chooses to. The Director of the CCD shall
provide the secretariat support for the Council and take records of all meetings. The Council may invite

other members of government or the community to make presentations to the Council.




Meeting: Meeting of the Council should be held at least once a month, or more or less frequently,
if determined by the Prime Minister. A quorum of members shall be deemed if at least half of the
representatives of the Council are present. Members of the Council may appoint alternates to represent
them at any meeting.

Reporting: The Council shall provide reports of meetings and recommendations to the Cabinet. The
Secretary to Government shall chair meetings of the Council and represent the Council at Cabinet
meetings. The Director of CCPDCU shall chair meetings of the Council in the absence of the Chair.

Thematic Working Groups

To facilitate the preparation of TNC, various thematic working groups were created, and each group is
formed up the experts both from public and private sectors, education institutions, local communities,
and NGOs with links to expertise and data used in national communications.

The table 1.7 presents the key agencies within the TWGs:

Table 1.7: Key agencies within the TWGs

TWGs Members

TWG - National Central Statistics Division (CSD)
Circumstances Ministry of Local Government and Agriculture (MLG&A)
Tuvalu Electricity Corporation (TEC)
National Disaster Management Office (NDMO)
Gender Affairs Department (GAD)
Tuvalu Meteorological Service (TMS)
Ministry of Education and Sport

TWG- GHG Inventory Climate Change Department (CCD)
Department of Energy (DOE)
Tuvalu Electricity Corporation (TEC)
Ministry of Fisheries and Trade (MFT)
Department of Waste Management
Ministry of Transport, Energy and Tourism (MTET)
Central Statistics Division (CSD)
Ministry of Local Government and Agriculture (MLG&A)
Ministry of Public Works, Infrastructure, Environment, Labour,
Meteorology and Disaster

TWG- Mitigation Analysis National Disaster Management Office (NDMO)
Development Coordination Committee (DCC)
Ministry of Finance
National Climate Change Advisory Council (NCCAC)
National Climate Change Resilience Forum
Tuvalu Electricity Corporation (TEC)

Ministry of Transport, Energy and Tourism (MTET)

Ministry of Public works, Infrastructure, Environment, Labour,
Meteorology and Disaster (MPWIELMD)

Department of Waste management

Department of Agriculture

Department of Environment

TWG- Vulnerability National Disaster Management Office (NDMO)
Assessment and Adaptation = Tuvalu Association of non-government organisations (TANGO)
(V&A)




Climate Change Department (CCD)

Climate Change Policy and Disaster Coordination Unit (CCPDCU)
Dept. of Environment

Dept. of Marine

Dept. of Fisheries

Dept. of Agriculture

Dept. of Labour

Gender Affairs Dept.

Home Affairs & Rural Development

Lands & Survey Department

Ministry of Health

Ministry of Public Utilities & Industries

Public Works Dept., Energy, TEC

Ministry of Finance & Economic Planning

Ministry of Trade, Tourism & Commerce

Ministry of Transport & Communication

Ministry of Education, Sports & Culture

Tuvalu Meteorological Office

Tuvalu Central Statistics Division

Information and Communications Technology (ICT) Dept.
Ministry of Local Government and Agriculture (MLG&A)
Island Care

Tuvalu Red Cross

Kaupule (local council)

National Disaster Management Office (NDMO)
Tuvalu Meteorological Service (TMS)

Lands & Survey Department

Climate Change Department (CCD)

Department of Environment

Island Care

Tuvalu Red Cross

Kaupule (local council)

Ekalesia Kelisiano Tuvalu (EKT)

Tuvalu National Council of Women (TNCW)

Tuvalu National Private Sector Organisation (TNPSO)

1.11.2. Stakeholder Consultation

Stakeholder consultation was carried out among the stakeholders from government departments,

TWG- Research & Systematic
Observation

TWG- Education, Training &
Public Awareness

public and private sectors, local and international development partners, NGOs, and public groups.
The first phase of the stakeholder consultation focused on the key objective of the TNC and NIR
project, inception, approach & methodology, and processes. The stakeholders were updated on the key
steps of TNC and consulted on various aspects of GHG inventory sectors e.g., data collection process,
climate change mitigation, adaptation, and V&A management. The stakeholders were also updated on
IPCC 2006 Guidelines and Best Practices to develop the national GHG Inventory.

The second phase of stakeholder consultation involved the presentation of the results i.e., the
National GHG Inventory for the period 2015 to 2021, data, standards, and assumptions applied for the
estimation and compilation of Tuvalu's National GHG inventory, key sector, and categories, data gaps,
assumptions, and uncertainties, etc. The objective of this phase was also to validate the assumptions
and standards used for GHG inventory and seeks inputs from a wider stakeholder group. An important
aspect of the stakeholder consultation was to update on the data gaps, uncertainties, etc. and issues
and activities to be considered to improve the quality, completeness, and transparency of GHG
inventory and updates on the national GHG inventory improvement plan (NIIP).

5
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1.11.3. Training and Capacity Building

The training and Capacity Building program was designed and delivered to the PIU/PMU team and other
key stakeholders. The overall objective was to develop the capacity, share experiences, and learnings
from the previous NIRs, data, and information communication protocols (data collection, archiving,
reporting, and quality management in the context of existing national statistical data collection
systems) and best practices with the stakeholders; to achieve the necessary level of expertise to
develop national GHG inventory through data collection, analysis, monitoring and reporting guidelines,
and procedures as required by UNFCCC. The stakeholders were also updated on IPCC 2006 Guidelines,
updates, and best practices. The training exercise was focused on the following key areas: (i) GHG
estimation methods in the latest IPCC Guidelines (2006 and 2019 enhancement, GPGs); (ii) Application
of the IPCC Guidelines to the national circumstances; and (i) QA/QC and Review processes.
Similarly, training was also provided on concepts, structure, steps and tool for conducting Mitigation
analysis and vulnerability and adaptation assessment.

1.11.4. Quality Assurance/Quality Control and Review Mechanism
A quality assurance/quality control (QA/QC) and review mechanism was an integral part of the
process and was devised in order to improve transparency, consistency, comparability, completeness,
and accuracy of third nation al communication and national greenhouse gas inventory. An internal QA/
QC plan was developed, and roles and responsibilities were defined for the inventory GHG Inventory
Team Members. The QA/QC process and review mechanism have been implemented at all levels of
data collection, inventory preparation, and reporting.

The team routinely conducted checks on the consistency of the data and information provided by
the different stakeholders (line ministries, government departments, Organizations, Public and private
sector, etc.), to ensure data integrity, correctness, and completeness. In case of discrepancy or
incompleteness, the inventory team consulted the relevant stakeholders and experts to reduce the
data uncertainty, appropriate corrections, and address errors and omissions. The sub-sectoral and
sectoral calculations of GHGs were shared with the experts for technical review of categories and sub-
category activity data, emission factors, estimation parameters, and calculation methods. The inputs
provided by the experts were addressed and the GHG emission reduction calculation was revised. On
finalization of the GHG Inventory calculations, the draft report was prepared and shared with the key
Stakeholders.

Further, the draft report and GHG inventory calculations were presented during the stakeholder
consultation to seek input and finalize the report. Similarly, draft report on mitigation analysis, and
vulnerability and adaptation were also presented during the stakeholder consultation to seek inputs
and finalize the reports. The main outcomes of QA/QC and review process were overall improvement
in the quality of data collection, calculations, reporting, and inclusion of the key criteria analysis,
uncertainty estimates, and subsequent improvements in the future GHG Inventory i.e., National
Inventory Improvement Plan (NIIP).




2. Vulnerability and Adaptation

This Vulnerability and adaptation assessment chapter of Third national communication outlines the
present and future climate change scenarios including air temperature, precipitation, wind-driven
waves, sea-level rise, coral reefs' vitality, tropical cyclones, and drought projections in Tuvalu. It also
presents the results of the Integrated Vulnerability Assessment conducted for the two Islets (Amatuku
and Funafuti), which encapsulates a Conceptual Framework for Assessing Vulnerability. This lens
enables a deeper exploration of sectoral vulnerability, including Tuvalu's susceptibility to hazards and
disaster events like heatwaves, droughts, floods, cyclones, and storm surges. Furthermore, it explores
the future risks Tuvalu faces and outlines the national and sector-specific policies, strategies, and
measures aimed at adaptation. By prioritizing the specific needs arising from Tuvalu's vulnerability,
this chapter aims to implement effective measures and ensure the long-term sustainability and well-
being of the country in the face of climate change.

2.1. Climate Change Scenario

This section provides a description of the climatic scenario for the Tuvalu including its past and
present climate as well as projections for the future and is derived from the Pacific- Australia Climate
Change Science Adaptation Planning (PACCSAP)4 reports and World Bank Climate change knowledge
portal5. Observed trends and analysis of air temperature, rainfall, extreme events (including tropical
cyclones), sea surface temperature, ocean acidification, mean and extreme sea levels are presented
and projections for air and sea-surface temperature, rainfall, sea level, ocean acidification and extreme
events for the next century are provided.

Tuvalu's climate varies considerably from year to year due to the El Nifio Southern Oscillation. This is
a natural climate pattern that occurs across the tropical Pacific Ocean and affects weather around the
world. There are two extreme phases of the El Niflo Southern Oscillation: El Nifio and La Nifia. There is
also a neutral phase. In Funafuti, El Nifio events tend to bring wetter, warmer conditions than normal,
while La Nifia events usually bring drier, cooler than normal conditions. This is likely due to the warmer
ocean temperatures around Tuvalu in El Nifio years.

Climate Models for Projections: Global climate models are the best tools for understanding future
climate change. Climate models are mathematical representations of the climate system that require
very powerful computers. They are based on the laws of physics and include information about the
atmosphere, ocean, land and ice. There are many different global climate models, and they all represent
the climate slightly differently. Scientists from the Pacific Climate Change Science and Adaptation
Planning Program have evaluated 26 models from around the world and found that 24 best represent
the climate of the Tuvalu region of the western tropical Pacific. These 24 models have been used to
develop climate projections for Tuvalu.

4 Pacific-Australia Climate Change Science and Adaptation Planning (PACCSAP) program, http://www.
bom.gov.au/climate/pacific/index-pacific.shtml, https://www.pacificclimatechangescience.org/

5 World Bank Climate change knowledge portal, https://climateknowledgeportal.worldbank.org/
country-profiles




The Intergovernmental Panel on Climate Change (IPCC) has developed a set of scenarios known as
Representative Concentration Pathways (RCPs) that represent different pathways of greenhouse gas
emissions and their impacts on the climate system. The climate projections for Tuvalu are based on
the four IPCC RCPs: very low emissions (RCP2.6), low emissions (RCP4.5), medium emissions (RCP6.0)
and very high emissions (RCP8.5), for four 20-year time periods centered on 2030, 2050, 2070 and
2090, relative to a 20-year period centered on 1995 (Figure 2.1). Since individual models give different
results, the projections are presented as a range of values. When interpreting projected changes in the
mean climate in the Pacific, it is important to keep in mind that natural climate variability, such as the
state of the El Niflo-Southern Oscillation, strongly affects the climate from one year to the next.

Figure 2.1: Carbon dioxide concentrations (parts per million, ppm) associated with the very low
(RCP2.6), low (RCP4.5), medium (RCP6.0) and very high (RCP8.5) emissions scenarios for 20-year
time periods (shaded) centered on 1995 (the reference period), 2030, 2050, 2070 and 2090°
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2.1.1. Air Temperature

Tuvalu, a low-lying island nation, has experienced historical increases in both mean and seasonal
air temperatures, as well as sea surface temperatures. These changes indicate the impact of climate
change on the region and have significant implications for Tuvalu's future climate.

2.1.1.1. Historical Temperature

Over the years, Tuvalu has witnessed a rise in temperatures. As per the Climate risk vulnerability
profile of Tuvalu, since 1950, the minimum air temperatures have increased by an average of 0.24°C
per decade, while maximum air temperatures have risen by 0.21°C per decade. Similarly, sea surface
temperatures have shown an increase of approximately 0.13°C per decade since 1970. These trends
highlight the ongoing warming of the atmosphere and ocean surrounding Tuvalu.

6 Pacific-Australia Climate Change Science and Adaptation Planning Program (2013)
https://www.pacificclimatechangescience.org/wp-content/uploads/2013/06/4_PACCSAP-Tuvalu-
10pp_WEB.pdf




Furthermore, the Berkeley Earth Dataset reveals a notable acceleration in the rate of warming since
1980. It predicts an approximate 0.8°C increase in the climate around Tuvalu within the next 40 years.
This rapid warming poses significant challenges to the nation's ecosystems, communities, and overall
resilience. Figure 2.2 shows the seasonal temperature at Funafuti.

Figure 2.2: Seasonal Temperature at Funafuti’
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In Funafuti, the capital of Tuvalu, there is little variation in temperature throughout the year. The
maximum temperature is between 31-32°C and the minimum temperature between 25-26°C all year
round.

2.1.1.2. Future Temperature Projections

The future temperature of Tuvalu is a crucial aspect of climate change analysis. Projections for
Tuvalu's temperature increase under different emissions scenarios are outlined in Table 2.1. These
projections indicate the potential impact of climate change on Tuvalu's temperature over the coming
decades.

. Very Low Emissions Scenario: Under this scenario, Tuvalu's temperature is projected to increase
by 0.5-0.9°C by 2030, 0.5-1.2°C by 2050, 0.5-1.2°C by 2070, and 0.4-1.3°C by 2090. While
this scenario represents the least significant increase, it still implies substantial changes in
temperature for the region.

. Low Emissions Scenario: In a low emissions scenario, the projected temperature increases for
Tuvalu ranges from 0.5-1.0°C by 2030, 0.7-1.4°C by 2050, 0.9-1.8°C by 2070, and 1.0-2.1°C by
2090. These projections suggest a more significant temperature rise compared to the very low
emissions scenario.

. Medium Emissions Scenario: Under a medium emissions scenario, Tuvalu's temperature is
projected to increase by 0.4-0.9°C by 2030, 0.6-1.4°C by 2050, 0.9-2.0°C by 2070,

" Pacific-Australia Climate Change Science and Adaptation Planning Program (2013)
https://www.pacificclimatechangescience.org/wp-content/uploads/2013/06/4_PACCSAP-Tuvalu-

10pp_WEB.pdf
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and 1.1-2.6°C by 2090. These projections indicate a higher level of temperature increase,
reflecting the potential impact of moderate emissions.

Very High Emissions Scenario: In a very high emissions scenario, Tuvalu faces the most
significant temperature increase. Projections indicate a rise of 0.5-1.0°C by 2030, 1.0-1.9°C by
2050, 1.5-3.1°C by 2070, and 2.0-4.0°C by 2090. These figures emphasize the urgent need to
address emissions and mitigate the potentially severe impacts of climate change.

As average temperatures rise, Tuvalu can expect an increase in the number of hot days and warm
nights, while cooler weather occurrences will decline. These temperature changes will not only
impact the natural environment but also have far-reaching consequences for various sectors such as
agriculture, water resources, and human health.

Table 2.1: Projected changes in the annual average surface air temperature for Tuvalu (Period 1986—
2005)?

Scenario 2030 (°C) 2050 (°C) 2070 (°C) 2090 (°C)

Very low emissions 0.5-0.9 0.5-1.2 0.5-1.2 0.4-1.3
scenario

05-10 07-14 0918 1021

Medium emissions 0.4-0.9 0.6-1.4 0.9-2.0 1.1-2.6

scenario

Very high emissions 0.5-1.0 1.0-1.9 1.5-3.1 2.04.0
scenario

Figure 2.3: Historical and simulated surface air temperature time series for the region surrounding
Tuvalu
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8 Pacific-Australia Climate Change Science and Adaptation Planning Program (2013), https://www.
pacificclimatechangescience.org/wp-content/uploads/2013/06/4_PACCSAP-Tuvalu-10pp_WEB.pdf
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The figure 2.3 shows the anomaly (from the base period 1986—2005) in surface air temperature from
observations (the GISS dataset, in purple), and for the CMIP5 models under the very high (RCP8.5,
in red) and very low (RCP2.6, in blue) emissions scenarios. The solid red and blue lines show the
smoothed (20-year running average) multi-model mean anomaly in surface air temperature, while
shading represents the spread of model values (5—95th percentile). The dashed lines show the 5-95th
percentile of the observed interannual variability for the observed period (in black) and added to the
projections as a visual guide (in red and blue). This indicates that future surface air temperature could
be above or below the projected long-term averages due to interannual variability. The ranges of
projections for a 20-year period cantered on 2090 are shown by the bars on the right for RCP8.5, 6.0,
4.5 and 2.6°.

2.1.1.3. Extreme Temperature

Temperature on extremely hot days is projected to increase by approximately the same amount as
the average temperature. Analysis of daily temperature data from CMIP5 models indicates that the
temperature of a 1-in-20-year hot day is expected to rise by around 0.5°C by 2030 under the RCP2.6
scenario and by 0.7°C under the RCP8.5 scenario. By 2090, the projected increase is 0.7°C for RCP2.6
and 3°C for RCP8.5. There is very high confidence in the increase of temperature on extremely hot days
and extremely cool days due to the physical consistency with rising greenhouse gas concentrations,
observed changes in extreme temperatures globally, and agreement among CMIP5 models. However,
there is low confidence in the exact magnitude of the projected change in extreme temperature due to
model underestimation of current extremes and uncertainties in the drivers of extreme temperatures
in Tuvalu. The projected magnitude of change varies among the models.

Trends in night-time extreme daily temperatures were found to be stronger than day-time extreme
temperatures (Table 2.2, Figure 2.4). At Funafuti, there have been significant increases in Warm Nights
and significant decreases in Cool Nights. Trends in Warm and Cool Days are not significant, suggesting
there has been little change in day-time extreme daily temperatures since 1961, which is in line with
the little change found in mean maximum air temperatures (Table 2.2).

Table 2.2: Annual trends in air temperature and rainfall extremes at Funafuti

Temperature Funafuti (1961-2011

Warm Days (Days/Decade) 5.99 (-6.47, +23.83)

Warm Nights (Days/Decade) 11.73 (+6.21, +17.59)

Cool Days (Days/Decade) -1.36 (-5.18, +3.25)

Cool Nights (Days/Decade) -8.00 (-18.59, -0.22)

;’h;z ;95% confidence intervals are shown in brackets. Values for trends significant at the 5% level are shown in
oldface.

9 Pacific-Australia Climate Change Science and Adaptation Planning Program (2013) 4_PACCSAP
Current and Future climate of Tuvalu (pacificclimatechangescience.org)
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Figure 2.4: Observed time series of annual total number of Warm Nights (left) and Cool Nights (right)
at Funafuti’®
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Figure 2.4 shows, Warm Days: Number of days with maximum temperature greater than the 90th
percentile for the base period 1971-2000; Warm Nights: Number of days with minimum temperature
greater than the 90th percentile for the base period 1971-2000; Cool Days: Number of days with
maximum temperature less than the 10th percentile for the base period 1971-2000: Cool Nights:
Number of days with minimum temperature less than the 10th percentile for the base period 1971—
2000 Solid black trend lines indicate least squares fit.

2.1.2. Precipitation

2.1.2.1. Historical Precipitation

According to the World Banks's " Climate Risk Country Profile: Tuvalu (2021) 11," Tuvalu has not
experienced significant changes in annual and seasonal precipitation rates. However, there are
variations between different regions of the country. The capital city of Funafuti generally receives
higher average annual precipitation compared to the northernmost atoll of Nanumea, with a difference
of approximately 500-600 mm. In Nanumea, there is greater inter-annual variability in precipitation
rates, ranging from 1,000 to 4,000 mm between 2000 and 2010, influenced by the El Nifio-Southern
Oscillation (ENSO).

10 Climate Variability, Extremes and Change in the Western Tropical Pacific: New Science and Updated
Country Reports 2014, https://www.pacificclimatechangescience.org/wp-content/uploads/2014/07/
PACCSAP_CountryReports2014_Ch15Tuvalu_ WEB_140710.pdf

" Climate Risk Country Profile: Tuvalu (2021): The World Bank Group and the Asian Development Bank.
file:///C:/Users/ajay/Downloads/15824-WB_Tuvalu%20Country%20Profile-WEB.pdf
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Figure 2.5: Seasonal Precipitation at Funafuti'?

Funah, Tuvsly, 170.27E. LAIS
5 5]
I ic
"]
=k
- |
- B
T T T T T T 1 T T T 1
. Apw Sl L= -
5 -
v, =5

Figure 2.5. shows that the country has two distinct seasons — a wet season from November to April
and a dry season from May to October, however rainfall averages more than 200 mm each month of
the year in Funafuti and more than 160 mm in Nanumea.

2.1.2.2. Precipitation Projections

It is important to note that long-term precipitation trends and projections for Tuvalu are uncertain.
Climate models have limitations in accurately predicting specific rainfall patterns for small island
nations like Tuvalu due to their complex and localized climate systems. While some projections
suggest a slight decrease in the frequency of droughts by the end of the century, natural variability
will continue to cause wet and dry years, making it difficult to provide definitive projections for Tuvalu.

Figure 2.6: Historical & Simulated mean Precipitation- Tuvalu'

12 Pacific-Australia Climate Change Science and Adaptation Planning Program (2013), https://www.
pacificclimatechangescience.org/wp-content/uploads/2013/06/4_PACCSAP-Tuvalu-10pp_WEB.pdf
'3 Climate Variability, Extremes and Change in the Western Tropical Pacific: New Science and Updated
Country Reports 2014, https://www.pacificclimatechangescience.org/wp-content/uploads/2014/07/
PACCSAP_CountryReports2014_Ch15Tuvalu_ WEB_140710.pdf
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Figure 2.6. shows Historical and simulated annual average rainfall time series for the region surrounding
Tuvalu. The graph shows the anomaly (from the base period 1986-2005) in rainfall from observations
(the GPCP dataset, in purple), and for the CMIP5 models under the very high (RCP8.5, in red) and very
low (RCP2.6, in blue) emissions scenarios. The solid red and blue lines show the smoothed (20- year
running average) multi-model mean anomaly in rainfall, while shading represents the spread of model
values (5-95th percentile). The dashed lines show the 5-95th percentile of the observed interannual
variability for the observed period (in black) and added to the projections as a visual guide (in red and
blue). This indicates that future rainfall could be above or below the projected long-term averages due
to interannual variability. The ranges of projections for a 20-year period centred on 2090 are shown by
the bars on the right for RCP8.5, 6.0, 4.5 and 2.6.

2.1.2.3. Extreme Rainfall:

There is high confidence that the frequency and intensity of extreme rainfall events will increase.
Warmer atmospheric conditions can hold more moisture, creating greater potential for extreme
rainfall. The majority of models project an increase in the frequency of current 1-in-20-year daily
rainfall events, becoming a 1-in-10-year event for RCP2.6 and a 1-in-6-year event for RCP8.5 by 2090.
Daily Rainfall Daily rainfall trends for Funafuti are presented in Table 2.3. Due to large year-to-year
variability, there are no significant trends in the daily rainfall indices.

Table 2.3: Annual trends in air temperature and rainfall extremes at Funafuti

Rainfall Funafuti (1961-2011

Rain Days 2 1 mm (Days/Decade) (-4.59, +3.33)

Very Wet Day rainfall (Days/Decade) -39.78 (-134.21, +42.99)

Consecutive Dry Days (Days/Decade) 0 (-0.24, +0.67)

Max 1-day rainfall (Days/Decade) -1.23 (-8.63, +5.76)

Z)’h;z f95% confidence intervals are shown in brackets. Values for trends significant at the 5% level are shown in
oldface.

Rain Days 2 1 mm: Annual count of days where rainfall is greater or equal to 1 mm (0.039 inches);

Very Wet Day rainfall: Amount of rain in a year where daily rainfall is greater than the 95th percentile for period
1971-2000; Consecutive Dry Days: Maximum number of consecutive days in a year with rainfall less than 1
mm (0.039 inches); Max 1-day rainfall: Annual maximum 1-day rainfall




Figure 2.7: Historical & Simulated mean Precipitation- Tuvalu'
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Figure 2.7 shows the observed time series of annual total values of Very Wet Days (left) and Consecutive
Dry Days (right) at Funafuti. Solid black trend lines indicate least squares fit.

Figure 2.8: Average annual rainfall and mean temperature’®

'4 Climate Variability, Extremes and Change in the Western Tropical Pacific: New Science and Updated
Country Reports 2014, https://www.pacificclimatechangescience.org/wp-content/uploads/2014/07/
PACCSAP_CountryReports2014_Ch15Tuvalu_ WEB_140710.pdf
'5 Climate Variability, Extremes and Change in the Western Tropical Pacific: New Science and Updated
Country Reports 2014, https://www.pacificclimatechangescience.org/wp-content/uploads/2014/07/
PACCSAP_CountryReports2014_Ch15Tuvalu_ WEB_140710.pdf
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Annual rainfall and mean temperature - Funafuti
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Figure 2.8 shows the observed time series of annual average values of mean air temperature (red dots
and line) and total rainfall (bars) at Funafuti. Light blue, dark blue and grey bars denote El Nifio, La Nifia
and neutral years respectively. Solid black trend lines indicate least squares fit.

2.1.2.4. Annual and Half-year Total Rainfall

The annual and half-year rainfall trends in Funafuti since 1927 exhibit notable interannual variability
associated with the El Nifio-Southern Oscillation (ENSO) (Figure 2.8). However, the trends in annual
and half-year rainfall are not statistically significant at the 5% level (Table 2.3, Figure 2.7). In other
words, there is little change observed in annual and half-year rainfall in Funafuti.

2.1.2.5. Daily Rainfall:

Due to large year-to-year variability, there are no significant trends in daily rainfall indices for Funafuti
(Table 3.3). The trends in annual Very Wet Days and Consecutive Dry Days are also insignificant (Figure
3.7). The short-term daily rainfall patterns do not show a clear directional change.

2.1.3. Wind Driven Waves

2.1.3.1. Seasonal Wind Driven Waves

Wind-waves around Tuvalu do not vary significantly in height during the year. Seasonally, waves are
influenced by the trade winds, extra-tropical storms and cyclones. From year to year, they vary with
the El Nifio—Southern Oscillation and the strength and location of the South Pacific Convergence Zone.
At Funafuti maximum wave height occurs during June to September. Wave direction at Nanumea is
north-easterly from December to March and south-easterly from May to October, associated with
variability of the trade winds.




Figure 2.9: Mean annual cycle of wave height (grey) and mean wave direction
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Figure 2.9 shows Annual cycle of wave height (grey) and wave direction (blue) at Funafuti (top)
and Nanuma (bottom) based on data from 1979-2009. The shaded boxes represent one standard
deviation around the monthly means, and the error bars indicate the 5-95% range, showing the year
to-year variability in wave climate. The direction from which the waves are travelling is shown (not the
direction towards which they are travelling)'s.

2.1.3.2. Wind Driven Waves Projections

In December-March, a small decrease in wave height is projected, with the most significant changes
occurring in December, February, and March in 2090 under the RCP8.5 scenario, and January in 2090
under the RCP4.5 scenario, as well as February in 2035 under RCP8.5 (Figure 3.10). There may also
be a small, non-significant decrease in wave period, and a slight clockwise rotation in mean wave
direction towards the east. Additionally, there is a suggested increase in waves from the north
associated with cyclones in 2090 under the RCP8.5 scenario, although this has low confidence (Table
2.4). The projection indicates no change in larger storm waves, but this also has low confidence.

In June-September, there are no statistically significant projected changes in wave properties, and
the confidence level for these projections is low (Table 2.4). Non-significant changes include a
possible increase in wave height and a suggested increase in the height of larger waves, both with low
confidence. The confidence in projected changes in the Tuvalu wind-wave climate is low due to the
following reasons:

. Projected changes in wave climate are dependent on the confidence of projected changes in the
El Nifilo-Southern Oscillation (ENSO), which is currently low.

. The difference between simulated and observed (hindcast) wave data can be larger than the
projected wave changes, further reducing confidence in the projections.

'6 Climate Variability, Extremes and Change in the Western Tropical Pacific: New Science and Updated
Country Reports 2014, https://www.pacificclimatechangescience.org/wp-content/uploads/2014/07/
PACCSAP_CountryReports2014_Ch15Tuvalu_ WEB_140710.pdf
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Table 2.4: Waves Projections Summary

Variable Season 2035 2090 Confidence
Change Change (Range)

December-March 0 0 Low

June-September 0 0 Low

Wave period (s) December-March 0 -0.1 Low
June-September 0 0 Low

Wave direction (°) December-March 0 0 Low
June-September 0 0 Low

Table 2.4 shows Projected average changes in wave height, period and direction in Tuvalu for
December—March and June—September for RCP4.5 (low emissions, in blue) and RCP8.5 (very high
emissions, in red), for two 20-year periods (2026—2045 and 2081-2100), relative to a 1986—2005
historical period. The values in brackets represent the 5th to 95th percentile range of uncertainty.

Figure 2.10: Mean Annual Cycle of change in wave height between projection scenarios & Historical
Models in Tuvalu
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Figure 2.10 shows Mean annual cycle of change in wave height between projection scenarios and
mean of historical models in Tuvalu. This panel shows a small decrease in wave heights in the wet
season months (statistically significant in 2090 RCP8.5 (very high emissions) in December, February
and March, in January in 2090 under RCP4.5 and February in 2035 under RCP8.5, very high emissions),
with no statistically significant change in the dry season months but a suggested increase in wave
heights. Shaded boxes show 1 standard deviation of models' means around the ensemble means,
and error bars show the 5-95% range inferred from the standard deviation. Colours represent RCP
scenarios and time periods: blue 2035 RCP4.5 (low emissions), red 2035 RCP8.5 (very high emissions),
green 2090 RCP4.5 (low emissions), purple 2090 RCP8.5 (very high emissions).
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2.1.4. Sea Level Rise

2.1.4.1. Historical Sea Level rise

As ocean water warms it expands causing the sea level to rise. The melting of glaciers and ice sheets
also contributes to sea-level rise. Instruments mounted on satellites and tide gauges are used to
measure sea level. Satellite data indicate the sea level has risen near Tuvalu by about 5 mm per year
since 1993. This is larger than the global average of 2.8—3.6 mm per year. This higher rate of rise may
be partly related to natural fluctuations that take place year to year or decade to decade caused by
phenomena such as the El Nifio-Southern Oscillation.

2.1.4.2. Sea Level rise Projections

The sea level is getting higher, and this will keep happening in Tuvalu. Sea level rise is a major concern
for Tuvalu, as it is a low-lying island nation that is particularly vulnerable to the impacts of climate
change. According to the projections provided in Table 2.5, Tuvalu's sea level is expected to rise across
all emissions scenarios. Under a very low emissions scenario, the sea level rise is projected to be
between 7-17 cm by 2030, while under a very high emissions scenario, the sea level rise is projected
to be between 7-18 cm by 2030.

As the century progresses, the projected sea level rise is expected to increase in range, with the very
high emissions scenario projecting a rise of 39-87 cm by 2090. This projected rise in sea level is likely
to have serious consequences for Tuvalu, including increased coastal erosion, flooding, and saltwater
intrusion into freshwater resources.

Table 2.5: Sea-level rise projections for Tuvalu

Scenario 2030 (cm) 2050 (cm) 2070 (cm) 2090 (cm) ‘

Very low emissions scenario 7-17 13-30 19-44 23-59
low emissions scenario 7-17 13-31 20-48 28-67
Medium emissions scenario 7-16 13-29 2047 28-67
Very high emissions 7-18 16-34 26-57 3-87

scenario

Values represent 90% of the range of the model results and are relative to the period 1986—2005.

Figure 2.11: Observed and Projected relative sea level change near Tuvalu'”

7 Pacific-Australia Climate Change Science and Adaptation Planning Program (2013), https://www.
pacificclimatechangescience.org/wp-content/uploads/2013/06/4_PACCSAP-Tuvalu-10pp_WEB.pdf
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Figure 2.11: (a) The observed tide gauge records of relative sea-level (since the late 1970s) are
indicated in purple, and the satellite record (since 1993) in green. The gridded (reconstructed) sea
level data at Tuvalu (since 1950) is shown in black. Multi-model mean projections from 1995-2100
are given for the RCP8.5 (red solid line) and RCP2.6 emissions scenarios (blue solid line), with the
5-95% uncertainty range shown by the red and blue shaded regions. The ranges of projections for four
emission scenarios (RCPs 2.6, 4.5, 6.0 and 8.5) by 2100 are also shown by the bars on the right. The
dashed lines are an estimate of interannual variability in sea level (5—95% uncertainty range about the
projections) and indicate that individual monthly averages of sea level can be above or below longer-
term averages.

2.1.5. Coral Reefs and Ocean Acidification

Rising atmospheric CO2 concentrations will lead to ocean warming and acidification, which will harm
marine ecosystems, including coral reefs. Projections suggest that the aragonite saturation state, a
measure of coral reef growth, will decline in Tuvalu, particularly under higher CO2 emissions scenarios
(RCP8.5 and RCP4.5). These conditions could lead to marginal or even unfavourable conditions for
healthy coral reefs. However, under a lower emissions scenario (RCP2.6), the aragonite saturation
state is projected to remain relatively adequate for coral reef health. It is important to note that there
are limitations in the projections due to the scale of climate models used. The impacts of ocean
acidification will affect the entire marine ecosystem and its valuable services provided by coral reefs.

Figure 2.12: Projected aragonite saturation state for Tuvalu'®

'8 Climate Variability, Extremes and Change in the Western Tropical Pacific: New Science and Updated
Country Reports 2014, https://www.pacificclimatechangescience.org/wp-content/uploads/2014/07/
PACCSAP_CountryReports2014_Ch15Tuvalu_ WEB_140710.pdf
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Figure 2.12 shows Projected decreases in aragonite saturation state in Tuvalu from CMIP5 models
under RCP2.6, 4.5 and 8.5. Shown are the median values (solid lines), the interquartile range (dashed
lines), and 5% and 95% percentiles (light shading). The horizontal line represents the transition to
marginal conditions for coral reef health (from Guinotte et al., 2003).

2.1.6. Tropical Cyclones

Tropical cyclones hold a significant impact on Tuvalu, primarily occurring from November to April.
As pe the Australian Bureau of Meteorology and CSIRO (2014) report, the tropical cyclone archive for
the Southern Hemisphere spanning 1969/70 to 2010/11 reveals a total of 35 cyclones developing
within or crossing Tuvalu's Exclusive Economic Zone (EEZ), averaging about 8 cyclones per decade
(refer Figure 2.13). This finding contrasts somewhat with the Australian Bureau of Meteorology and
CSIRO (2011)19 report. As per this report, Cyclone frequency was variable: El Nifio years experienced
12 per decade, La Nifia years saw 3, and neutral periods averaged around 7 cyclones per decade. Only
three of the 24 tropical cyclones (13%) between the 1981/82 and 2010/11 seasons were severe events
(Category 3 or stronger) in the Tuvalu EEZ. It is important to note that long-term trends in cyclone
frequency and intensity are not presented at the country scale due to recommendations against such
assessments. Additionally, some tropical cyclone tracks analyzed in this assessment include the
tropical depression stage before and/or after cyclone formation, which comprises sustained winds of
less than or equal to 34 knots.

In March 2015, Tropical Cyclone Pam devastated the islands, causing widespread damage to houses,
infrastructure, agriculture, and coastlines. This event displaced nearly half of Tuvalu's population
temporarily, while several islets in Funafuti disappeared in its wake (Government of Tuvalu, 2015).
Subsequently, Tropical Cyclone Ula brought minor damages in December 2015, affecting residences,
vegetation, agriculture, and livestock. Likewise, Cyclone Tino's

9 Australian Bureau of Meteorology and CSIRO. 2011. Climate Change in the Pacific: Scientific
Assessment and New Research. Volume 1: Regional Overview. Volume 2: Country Reports. Melbourne,
Australia: National Library of Australia.




impact in January 2020 led to the destruction of food crops, agroforestry, and livestock (GoT, 2020).

Figure 2.13: Time series of the observed number of tropical cyclones developing within and crossing
the Tuvalu EEZ per season?’
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Note: The 11-year moving average is in blue.

Figure 2.14: Tropical Cyclones Passing within 400 km of Funafuti, 1973/74 — 2015/16

Source: Australian Bureau of Meteorology, 2015

20 Climate Variability, Extremes and Change in the Western Tropical Pacific: New Science and Updated
Country Reports 2014, https://www.pacificclimatechangescience.org/wp-content/uploads/2014/07/
PACCSAP_CountryReports2014_Ch15Tuvalu_ WEB_140710.pdf
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2.1.6.1. Tropical Cyclones Projections

The global picture of tropical cyclones indicates a growing level of consistency among models,
suggesting a decrease in frequency by the end of the 21st century. The magnitude of this decrease
varies between 6% and 35% according to different modelling studies. Additionally, there is agreement
among models that there will be an increase in the mean maximum wind speed of cyclones globally,
ranging from 2% to 11%, as well as an increase in rainfall rates of approximately 20% within 100 km of
the cyclone center. These global projections are supported by a medium level of confidence within the
scientific community.

Specifically for Tuvalu, the projection is also for a decrease in cyclone formation frequency in the
south-east basin. This projection has a high level of confidence, as multiple General Circulation
Models (GCMs) show consistent results across models using direct detection methodologies. About
80% of the projected changes in cyclone formation frequency in the south-east basin range from a 5%
decrease to a 50% decrease, with around half of the projections indicating decreases between 20% and
40%. Empirical techniques that assess the necessary atmospheric ingredients for cyclone formation
also suggest less favourable conditions for cyclone formation in this region, with approximately half of
the projected changes indicating decreases between 10% and 40%. These projections align with those
of the Australian Bureau of Meteorology and CSIRO (2011) report.

2.1.7. Drought Projections

Drought projections for Tuvalu indicate an overall decrease in the proportion of time spent in drought
under different climate scenarios. Specifically, under the RCP8.5 scenario, the frequency of mild,
moderate, and severe drought events is expected to decrease, while the frequency of extreme drought
events is projected to remain stable. The duration of drought events in all categories is also expected
to remain stable under RCP8.5.

Similarly, under the RCP2.6 scenario, both the frequency and duration of drought events in all
categories are projected to decrease slightly. These findings align with similar results reported by
the Australian Bureau of Meteorology and CSIRO (2011). However, it's important to note that the
uncertainty associated with projected rainfall changes introduces low confidence in these drought
projections.

The low confidence in the direction of change is attributed to several factors. Firstly, there is low
confidence in the direction of mean rainfall change, which directly affects drought projections.
Additionally, these drought projections are based on a subset of models, limiting the scope of analysis.
Finally, while a majority of the CMIP5 models agree on the direction of change in drought frequency
and duration, the lack of consensus regarding projected changes in the El Nifilo-Southern Oscillation
(ENSO) introduces further uncertainty.

Figure 2.15: Projections of Drought in Tuvalu under RCP8.5?

21 Climate Variability, Extremes and Change in the Western Tropical Pacific: New Science and Updated

Country Reports 2014, https://www.pacificclimatechangescience.org/wp-content/uploads/2014/07/
PACCSAP_CountryReports2014_Ch15Tuvalu WEB 140710.pdf
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In Figure 2.15, Box-plots showing percent of time in moderate, severe or extreme drought (left hand
side), and average drought duration and frequency for the different categories of drought (mild,
moderate, severe and extreme) for Tuvalu. These are shown for 20-year periods centred on 1995,
2030, 2050, 2070 and 2090 for the RCP8.5 (very high emissions) scenario. The thick dark lines show
the median of all models, the box shows the interquartile (25—-75%) range, the dashed lines show 1.5
times the interquartile range and circles show outlier results.

2.1.8. Summary
Climate impacts almost all aspects of life in Tuvalu. Understanding the possible future climate of
Tuvalu is important so people and the government can plan for changes.

. El Nifio and La Nifa events will continue to occur in the future, but there is little consensus on
whether these events will change in intensity or frequency.

. Annual mean temperatures and extremely high daily temperatures will continue to rise.

. Itis not clear whether mean annual rainfall will increase or decrease, the model average indicating
little change, with more extreme rain events.

. Incidence of drought is projected to decrease slightly.

. Sea level will continue to rise.

. Ocean acidification is expected to continue.

. The risk of coral bleaching is expected to increase.

. December—March wave heights and periods are projected to decrease slightly.

. Tropical cyclones are projected to be less frequent but more intense

2.2. Vulnerability Assessment

A vulnerability assessment to climate change is a process of identifying and analyzing the potential
impacts of climate change on a system, organization, or community. The assessment helps to
determine the extent to which a system or community is vulnerable to the effects of climate change,
and to develop strategies to mitigate or manage these impacts. Vulnerability assessments to climate
change are crucial in identifying potential risks and developing strategies to reduce or manage
those risks. They are essential in helping to increase the resilience and sustainability of a system or
community in the face of climate change.




2.2.1. Conceptual Framework for Assessing Vulnerability

The Pacific Islands Framework for Community Integrated Vulnerability Assessment, or IVA Framework,
is being used to assess climate change adaptation hotspots and inform decision-making on resilience
development at different levels. It specifically targets local Pacific Island communities and aims to
standardize the assessment of vulnerability to climate change and disasters, while incorporating
community ownership. The IVA Framework supports the implementation of the Framework for Resilient
Development in the Pacific and can also inform global frameworks such as the Sendai Framework
and the Paris Agreement. The IVA approach is based on the idea that climate change and disasters
exacerbate existing problems and create new hardship but may also generate opportunities to rebuild
better and safer. The IVA Framework provides a standardized approach to assessing community
vulnerability in Pacific Island communities and is supported by training and learning resources.

2.2.1.1. Tuvalu Integrated Vulnerability Assessment (TIVA)
Framework

Tuvalu has taken significant steps towards understanding the vulnerability of its communities to
climate change through the implementation of the Tuvalu Integrated Vulnerability Assessment (TIVA)
framework. The IVA systematically examines how environmental and developmental changes affect
local communities and the subsequent impacts of these changes on their ability to meet their basic
needs. It provides baseline data about communities' vulnerability through a standardized approach
that can be replicated across locations and time periods.

TIVA conducted on the islet of Amatuku and Funafuti Community, Funafuti Atoll, Tuvalu, has
successfully combined technical analysis and community input22. This comprehensive approach has
provided valuable insights into the vulnerabilities faced by the island. The IVA framework in Tuvalu
covered seven priority sectors including Ecosystem Health (E), Water Security (W), Security of Place (P),
Energy Security (N), Income Security (1), Community Health (H) and Food Security (F). These sectors
were assessed through 5 livelihood assets including Ecosystem, Infrastructure and Services, Finance,
Human Resource and Institution and Governance. Figure 2.16 and 2.17 illustrates this framework.

Figure 2.16: The IVA framework in Tuvalu: 7 sectors x 5 assets = 35 subsectors

22 In 2017, the GoT with support from the Global NAP Network and the 11ISD, commenced the TIVA
across all nine islands of Tuvalu. The IVA reports for two pilot communities in Amatuku and Funafuti
were completed in June 2020 and are represented in this report. The IVA results for the remaining
12 communities are available on the TIVA database (www.tuvaluiva.com), however, they are yet to
undergo stages of validation and will be presented in the upcoming national communications.
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(Each issue in the IVA issues checklist has a code associated with it which corresponds to the
subsector it is in). The first capital letter corresponds to the sector, the second lower case letter to the
asset, and the number to the order in the issues checklist within that subsector. For example: (Wi.4) is
issue #4 in the "water security” + “infrastructure & services” subsector).

Figure 2.17: Summary of different components of the IVA Framework
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2.2.1.2. IVA Methodology

The IVA (Integrated Vulnerability Assessment) focus group methodology consists of several stages
to collect data and assess vulnerability issues related to climate change. These stages include issue
identification, sector prioritization, qualitative description, vulnerability scoring, and final prioritization.
Here is an explanation of each stage:

Step 1: Issue Identification In this stage, a checklist of approximately 650 vulnerability issues related
to climate change is used. The focus group identifies the presence of these issues by going through
the checklist. Each issue represents a specific vulnerability or impact that may be present in the island
or community being assessed.

Step 2: Sector Prioritization After identifying the issues, the focus group then prioritizes the top two
issues per subsector. A subsector refers to a specific area or sector of vulnerability, such as agriculture,
water resources, infrastructure, etc. The group selects the two most significant issues within each

subsector, resulting in a total of 70 prioritized issues (35 subsectors x 2 issues).




Step 3: Qualitative Description In this stage, the focus group provides a qualitative description of the
number one priority issue identified in each subsector. The qualitative description involves providing
detailed information about the issue, its frequency, duration, location, magnitude, impacts, and the
people affected by it. The information collected is recorded in the IVA database.

Step 4: IVA Vulnerability Scoring The focus group assigns vulnerability scores to each subsector based
on the identified issues. The scoring system ranges from 1 to 5, where 1 represents a very bad (highly
vulnerable) state, and 5 represents a good (less vulnerable) state. This scoring helps in quantifying and
comparing the vulnerability levels across different subsectors.

Step 5: Prioritization of Top Five Vulnerability Issues Based on the issues identified in Step 2, the focus
group further prioritizes the top five vulnerability issues overall. These issues are selected from the
previously prioritized issues in each subsector. Each focus group selects five issues, resulting in a total
of 15 prioritized issues per location.

2.2.1.3. The IVA Survey in Amatuku Islet

The IVA survey on Amatuku Islet was conducted on February 5, 2020. Amatuku has a small population:
the smaller number of participants meant a mixed (not gender- and youth-separated) focus group
was conducted. The survey included 13 participants: six women, two young people, and five men. The
survey followed the process outlined above.

Table 2.6 lists the top five vulnerability issues in Amatuku. Red highlights show where the top five
vulnerability issues in Amatuku are also frequently reported in national results. A frequently reported
top five vulnerability issue is defined as:

. an issue reported >75% in IVA Step #1 for the whole of the IVA survey, suggesting this is a
common issue nationwide; and

. an issue reported as a top five priority issue by five or more other groups (IVA Step #5), suggesting
that this is also a priority issue amongst communities nationwide.

Table 2.6: Overview of the top five vulnerability issues reported in Amatuku in May 2020 compared to
national results

N. Groups
Reporting Issue in
the Top Five**
Nationally

% of Groups
Issue Rank Top five vulnerability Issues Reporting Issue

Nationally**

(Pi.12) Coastal Stabilization Infrastructure - Limited
1 to no access to coastal stabilization infrastructure
(e.g., groynes/gabion baskets)

(Wi.1) Household Water Tank Capacity -
Inadequate household water tank capacity

3 (Fn.22) Land Food Resilience - Sea-Level
Rise/Saltwater Intrusion - Low resilience of land-




based food (crops and tree fruit sources) to sea-
level rise and saltwater intrusion

(Ni.2) Renewable Energy Access - Household -
4 Limited to no household access to renewable
energy

(If.1) Income for Basic Needs - Household income
insufficient to meet basic needs and services

* 1 is ranked as most important. ** IVA Step #1 ***|VA Step #5

Key Insights and Analysis

. All five of the top five vulnerability issues are frequently reported as present by more than 75% of
other groups in the survey nationwide.

. Two of these are also prioritized by five or more groups nationwide:

. (Wi.T) Household Water Tank Capacity > Inadequate household water tank capacity

. (If.1) Income for Basic Needs > Household income insufficient to meet basic needs and services

These results suggest that all of Amatuku's top five vulnerability issues are common to those reported
by other groups, with two being frequently prioritized. This shows they are not unique to this location,
and are high priority across multiple areas, and may represent a justification for prioritization in the
NAP Process.

2.2.1.4. The IVA Survey in Funafuti

The IVA survey on Funafuti was conducted on May 13 and 14, 2020. The Funafuti community survey
included 24 participants, including separated groups of nine women, seven young people, and eight
men.

Table 2.7 lists the top five vulnerability issues in the Funafuti community. Red highlights show where
the top five vulnerability issues in the Funafuti community are also frequently reported in national
results.

Table 2.7: Overview of the top five vulnerability issues reported in the Funafuti community in May 2020
compared to national results

N. Groups
% of Groups Reporting Issue
Reporting Issue in Top Five
Vulnerability Issue Nationally Nationally

Male, youth (Wi.1) Household Water Tank Capacity

1,5 Female, male | (If.1) Income for Basic Needs

1 Youth (Fn.8) Land for Farming

(Ei.3) Fisheries & Marine Environmental
2 Male

Management
2 Female (En.5) Coastal Erosion
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3 Female (Fn.8) Land for Farming 71% 2
3 Youth (Ei.10) Shoreline Protection 1
4 Male (Ph.6) Mobility — Internal 1
4 Female (Wi2) Household Water tank capacity 3
4 Youth (OEn.13) Marine Pollution 1
5 Female (Pn.1) Land for housing & settlement 3
5 Youth |(,I1%;r1n)e Issleeg::itf developing planning- 1

A frequently reported top five vulnerability issue is defined as:

. an issue reported >75% in IVA Step #1 for the whole of the IVA survey, suggesting this is a
common issue nationwide; and

. an issue reported as a top five priority issue by five or more other groups (IVA Step #5), suggesting
that this is also a priority issue amongst communities nationwide.

Key Insights and Analysis

Eight of the 13 top five vulnerability issues are frequently reported as present by more than 75% of
other groups in the survey nationwide.

Three of these eight issues are also prioritized by five or more groups nationwide, and are:

. (Wi.1) Household Water Tank Capacity > Inadequate household water tank capacity which was
reported twice: male — rank #1, youth — rank #2; and

. (If.1) Income for Basic Needs > Household income insufficient to meet basic needs and services
which was reported twice: female — rank #1, male — rank #5; and

. (En.5) Coastal Erosion > Declining/retreating shoreline due to coastal erosion which was reported
once: female — rank #2).

. One other of the top five vulnerability issues was common across the two groups (but not meeting
either criterion above):

. (Fn.8) Land for Farming > Limited to no access to land for farming (Reported twice: youth - rank
#1, female - rank #3).

These results suggest that eight (of the 13) of the Funafuti community's top five vulnerability issues
are common to those reported by other groups, with three being frequently prioritized and/or common
to male, female, and youth groups. This shows these issues are not unique to this location and are high
priority across multiple areas.

The TIVA results provide important information for policymakers and stakeholders in Tuvalu to
prioritize and allocate resources for adaptation measures that address the most pressing vulnerability
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issues in each community and for different demographic groups. This information can also be used
to develop targeted and effective policies and programs that support vulnerable groups and enhance
their resilience to the impacts of climate change.

2.2.1.5. Climate change Impacts on sectors (As per TIVA)

The impacts of climate change on various sectors in Tuvalu are significant and pose challenges to the
well-being and sustainability of the country. Here is an explanation of the impact of climate change on
each sector mentioned in the TIVA report:

Ecosystem Health:

. Coastal Erosion (En.5): Tuvalu experiences declining and retreating shorelines due to coastal
erosion, which threatens the stability and integrity of coastal ecosystems.

. Marine Conservation (Ef.3): Limited means to pay for marine and land-based environmental
protection activities, such as establishing protected areas, hinders effective conservation efforts.

. Waste Management (Ef.1): Limited financial resources for waste management-related costs,
including rubbish collection, disposal, recycling, and proper waste management infrastructure,
can lead to environmental degradation.

. Traditional Knowledge (Eg.1): The limited transmission of traditional ecological knowledge and
practices to future generations hampers sustainable management of marine and land-based
resources.

. Skills - Solid Waste Management (Eh.5): The lack of skilled individuals in the community
for sustainable solid waste management, including waste reduction, reuse, recycling, and
composting, contributes to inadequate waste management practices.

Water Security:

. Household Water Tank Capacity (Wi.1): Inadequate household water tank capacity affects the
availability and accessibility of clean and sufficient water for domestic use in Tuvalu.

. Ability to Pay for Household Water System (Wf.1): Limited ability to pay for the operations,
maintenance, and upgrade of household water systems can lead to insufficient access to safe
and reliable water supply.

. Rainfall (Wn.1): Insufficient rainfall to meet community water security requirements affects water
availability for various purposes.

. Natural Water Source (Wn.6): The existing natural water sources in Tuvalu are often inadequate
to support the water security needs of the community.

Security of Place:

. Coastal Erosion & Housing (Pn.5): Coastal erosion encroaching on housing and settlement areas
poses a threat to the security and stability of communities.

. Evacuation Centre (Pi.34): Limited access to adequately sized and safely located evacuation
centers that are protected from storm surges and cyclones hinders preparedness and response
efforts.

. Mobility - Internal (Ph.6): An unsustainable rate of migration out of the island to live in Funafuti
or other islands in Tuvalu affects community cohesion and the availability of skilled individuals
in the local workforce.




Energy Security:

. Petroleum Reliance (Nn.4): Reliance on petroleum for energy needs exposes the community to
price volatility and supply chain disruptions.

. Skilled Electricians (Nh.1): The limited availability of skilled and experienced electricians affects
the maintenance and repair of energy infrastructure.

. Household Energy Affordability (Nf.1): Limited ability to pay for household energy requirements,
including cooking, lighting, and communication, impacts energy access and affordability.

. Energy Technology Upgrade Affordability (Nf.4): Limited access to funds for upgrading and
maintaining energy equipment and technology affects the reliability and efficiency of energy
systems.

. Energy Connection (Ni.5): Faulty or limited energy connections from the source to houses pose
challenges in ensuring reliable energy access.

. Past Experience - Disasters & Generators (Nh.6): Limited capacity within the community to repair
disaster-induced damage to generators and other energy sources impacts energy reliability and
resilience.

Income Security:

. Income for Basic Needs (If.1): Insufficient household income to meet basic needs and services
affects the overall well-being and livelihoods of individuals and families.

. Land Availability for Commercial Agriculture (In.1): Limited land availability for commercial
agriculture reduces opportunities for income generation through agricultural activities.

. Financial Literacy (lh.1): Limited training in financial literacy among community

2.3. Sectoral Vulnerability

Tuvalu faces numerous vulnerabilities across various sectors due to its unique geographic and socio-
economic characteristics. The impacts of climate change pose significant challenges to Tuvalu,
exacerbating its vulnerabilities in several key areas. From the perspective of sectoral vulnerabilities,
Tuvalu's diverse sectors, including coastal zones, freshwater resources, agriculture, infrastructure,
and health, are particularly susceptible to the adverse effects of climate change. Understanding and
addressing these vulnerabilities is crucial for developing effective adaptation strategies and ensuring
the resilience and sustainability of Tuvalu's communities and ecosystems. Table 2.8 gives the
summary of the Sectoral vulnerabilities of Tuvalu.

Table 2.8: Sectoral Vulnerabilities of Tuvalu

Sector Description

Coastal zones Tuvalu's low-lying islands face significant challenges from erosion, rising sea levels,
and extreme weather events. These islands are highly vulnerable to the impacts of
climate change, including increased coastal flooding, storm surges, and land loss.
Coastal protection measures are crucial to prevent further erosion, safeguard
infrastructure and human settlements, and mitigate the impacts of frequent and
intense flooding and inundation. Strategies such as constructing seawalls,
implementing beach nourishment projects, and planting vegetation for erosion
control are vital for maintaining the integrity and resilience of Tuvalu's coastlines.
Additionally, community engagement and traditional knowledge play a crucial role in
developing effective coastal protection plans.




Island Climate change poses significant risks to the unique ecosystems found on Pacific

Ecology islands, including Tuvalu. Rising sea levels threaten the delicate balance of island
ecology, leading to the degradation and loss of crucial habitats. The habitats of
migrating seabirds, such as the red-footed booby and the black noddy, are at risk
due to habitat destruction and reduced nesting sites caused by coastal erosion and
inundation. Moreover, the increased frequency of extreme weather events, such as
cyclones, further threatens the island's biodiversity and ecosystem functions.
Proactive strategies that integrate conservation efforts, habitat restoration, and
sustainable practices are needed to safeguard Tuvalu's island ecology, preserve its
rich biodiversity, and ensure the survival of endemic species.

Coral Reefs & The vulnerability of coral reefs and fisheries in Tuvalu is amplified by the adverse

Fisheries impacts of climate change. Ocean acidification caused by rising carbon dioxide
levels poses a significant threat to the growth and stability of coral reefs, leading to
their degradation and bleaching. As a result, vital ocean ecosystems that support a
wide variety of marine species are at risk. The degradation of coral reefs also has
severe implications for Tuvalu's fisheries, which are an essential source of food and
livelihood for its population. Climate change, coupled with unsustainable fishing
practices and overexploitation of resources, further jeopardizes the resilience of the
fisheries sector and increases the risk of species extinction. Implementing
adaptation measures such as establishing marine protected areas, promoting
sustainable fishing practices, and reducing pollution are crucial for the conservation
and restoration of coral reefs and the long-term sustainability of Tuvalu's fisheries.

Water Tuvalu's water sector faces significant challenges due to its heavy reliance on rainfall
as the primary source of fresh water. Rising sea levels and saltwater intrusion pose
threats to water availability and quality, exacerbating water scarcity and impacting
both agriculture and human health. As seawater infiltrates freshwater aquifers, it
contaminates the limited freshwater resources, rendering them unfit for consumption
and agricultural use. This not only affects the livelihoods of communities dependent
on agriculture but also increases the vulnerability to waterborne diseases.
Addressing these issues requires a multifaceted approach, including the
development of sustainable water management strategies, rainwater harvesting
systems, and the promotion of water-efficient practices. Additionally, investing in
desalination technologies and infrastructure can help ensure a resilient and reliable
water supply for Tuvalu's population.

Agriculture & Climate change poses significant challenges to agriculture and food security in

Food Tuvalu. Changes in carbon dioxide levels, precipitation patterns, soil erosion, and
saltwater intrusion all impact agricultural productivity and the availability of nutritious
food. Saltwater intrusion, in particular, affects the productivity of key crops, such as
taro and breadfruit, leading to food security concerns. Rising temperatures and
changes in rainfall patterns also increase the vulnerability of crops to pest
infestations, further impacting crop yields and agricultural productivity. These
challenges have significant implications for the livelihoods of farming communities
and the overall food security of the nation. Enhancing agricultural resilience through
the implementation of climate-smart agricultural practices, promoting crop
diversification, improving soil management techniques, and investing in irrigation
systems are essential for ensuring food security and nutrition in Tuvalu.

Communities  Tuvalu's economic development faces challenges due to limited natural resources,
weak infrastructure, and a small domestic economy. Climate change exacerbates
these challenges, disproportionately affecting the poorest segments of society and
marginalized groups. The impacts of climate change, such as increased frequency
and intensity of extreme weather events, rising sea levels, and saltwater intrusion,
have far-reaching consequences for livelihoods, employment opportunities, and the
overall well-being of communities in Tuvalu. Low-paid labor, small businesses, and
the tourism sector are particularly vulnerable. Comprehensive strategies that
address poverty, inequality, and climate resilience while promoting sustainable
economic development and social equality are necessary.
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Human Health Climate change poses significant health risks to the people of Tuvalu. Extreme
weather events, including cyclones and storm surges, can result in injuries,
displacement, and damage to infrastructure and essential services. Rising
temperatures and heatwaves increase the risk of heat-related illnesses, particularly
among vulnerable populations, such as the elderly and children. Water and food
security issues, including saltwater intrusion, contamination of water sources, and
changes in agricultural productivity, can lead to malnutrition and the spread of
waterborne and foodborne diseases. Vector-borne diseases, such as dengue fever
and chikungunya, are also a concern due to changes in temperature and rainfall
patterns. Additionally, climate change exacerbates existing health challenges,
including respiratory illnesses and non-communicable diseases. To address these
health impacts, comprehensive mitigation efforts, adaptation measures, and
improved healthcare systems are necessary.

Energy Tuvalu's energy sector is marked by a notable vulnerability stemming from its
reliance on imported fossil fuels and limited domestic energy resources. The nation's
geographical isolation and small land area make it highly dependent on external
sources for its energy needs, rendering it exposed to disruptions in the global supply
chain. This vulnerability is exacerbated by the ongoing effects of climate change, as
rising sea levels and extreme weather events pose significant threats to the stability
of energy infrastructure.

2.4. Vulnerability to Hazards and Disaster Events

Tuvalu is highly vulnerable to climate-related hazards. The country's limited resource base and low-
lying islands, with most areas barely exceeding 3 meters above sea level, make it susceptible to the
adverse impacts of climate change, variability, and extreme weather events. Key Vulnerabilities in
Tuvalu are.

. Key national infrastructure including government buildings, utility infrastructure, and the airport
lie in an area exposed to storm surge and tidal flooding. Significant damage has been caused
by previous disasters. Human development and particularly sand mining in coastal areas has
further weakened coastal defences and increased vulnerability to storm surges.

. Coral reefs form a key part of Tuvalu's coastal defences and economic productivity through their
contribution to local fish stocks. Climate change has exacerbated reef exposure to bleaching
events, compounding the damage already inflicted by human practices.

. Fresh water reserves are extremely limited and saline intrusion can reduce the quality of
groundwater reserves. Drought episodes can lead to loss of livestock and crops. Unmet human
need must be met through international assistance. Figure 2.18 shows key hazards natural
statistics for the year 1980-2020 and Figure 2.19 shows annual natural hazard occurrence for
1980-2020.
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Figure 2.18: Key Natural Hazard Statistics For 1980 -2020%°

Key Natural Hazard Statistics for 1980-2020
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The key hazard statistics for the period between 1980 and 2020 indicate that storms were a significant
natural hazard in Tuvalu.

2 The data representing the number of people affected by the droughts is reflective of the approx. total
population of Tuvalu at that time. This is because of data gaps that prevent accurate estimation of the
total number.




Figure 2.19: Average Annual Natural Hazard occurrence for 1980-2020

Average Annual Natural Hazard Occurrence for 1980-2020
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The data presented in the figure illustrates the average annual occurrence of natural hazards in Tuvalu
from 1980 to 2020. During this period, droughts accounted for 12.5% of the total hazard occurrences,
while storms were the most prevalent hazard, comprising 75% of the occurrences. Miscellaneous
accidents accounted for the remaining 12.5%.

2.4.1. Heat Waves

Tuvalu experiences high maximum temperatures but has a stable temperature regime with an average
monthly maximum of around 31°C. Climate change and ENSO may impact Tuvalu's temperature
regime and increase the probability of heat waves, but further research is needed to understand the
implications for human health. Marine heat waves, which are projected to increase in intensity and
duration, may also have serious consequences for marine ecosystems and livelihoods in the region.

2.4.2. Drought

The primary type of drought affecting Tuvalu is meteorological drought, which is associated with
a lack of precipitation. Tuvalu's vulnerability to drought is heightened by its small land mass, wide
distribution, sensitivity to El Nifio, remote Pacific location, and the lack of historical trend data. While
projections suggest that fewer days may be spent in drought conditions in the future, confidence in
these projections is low, highlighting the need for further research and improved modelling.

2.4.3. Floods, Cyclones, and Storm Surge

Tuvalu's vulnerability to climate change-related flooding is exacerbated by sea-level rise, which
can enhance the damage caused by cyclone-induced storm surges and increased wind speed and
precipitation intensity. Modelling indicates a general trend of reduced cyclone frequency but increased
intensity and frequency of the most extreme events. Cyclone genesis in the Pacific is also shifting
westward due to climate change.




Table 2.9: Summary of Identified Risks and Impacts?

Climate Risk Impact ‘

Sea level rise Coastal erosion, Flooding, Saltwater intrusion, Human displacement, Damage
to critical, infrastructure

Tropical Cyclones Storm surge Flooding Coastal erosion Biodiversity loss, Loss of islets. Loss of

(TC) livelihoods (agriculture, livestock and fisheries). Loss of cultural sites. Human
displacement. Human health, Disruption to essential services, Damage to
critical, infrastructure

Coral bleaching Biodiversity loss, Loss of livelihoods (fisheries)
Ocean acidification = Biodiversity loss, Loss of livelihoods (fisheries)

Rainfall extremes Drought, Water-borne diseases, Water insecurity, Loss of livelihoods (human
and livestock), Algal bloom

Temperature Heat stress, Vector-borne diseases, Plant and disease outbreak, Loss of
extremes livelihoods (human and livestock)

Storms/wind Coastal erosion, Disruption to essential services, Damage to critical
extremes infrastructure

Wave anomalies King tide, Flooding, Coastal erosion, Disruption to essential services, Damage

to critical infrastructure, Saltwater intrusion

2.5. Adaptation Action

Tuvalu, is confronted with pressing challenges due to climate change, necessitating the implementation
of effective adaptation measures. The country has already endured severe damage to its habitable
coastal areas and productive base, and it remains highly vulnerable to further devastation due to
its limited land area, low-lying topography, and unstable meteorological conditions. Tuvalu's small
and dispersed population heavily depends on the delicate marine and terrestrial environments for
sustenance, rendering them especially susceptible to the direct consequences of climate change.
Adaptation strategies should encompass measures to mitigate sea level rise, manage saltwater
intrusion, enhance water resource management, strengthen infrastructure against cyclonic events, and
promote the conservation and restoration of coral reefs and fisheries. The urgency of these adaptation
efforts is critical to ensure the long-term sustainability and resilience of Tuvalu's communities in the
face of ongoing climate change challenges.

2.5.1. Adaptation Action Plan

The Government of Tuvaluy, through the Climate Change Department (CCD), is developing a National
Adaptation Plan (NAP) framework. It will guide the identification and assessment of medium- and
long-term needs and options for adaptation for addressing the country's climate change impacts and
enhancing its resilience. It will outline the country's policy framework, specific adaptation projects, and
other related measures to address the impacts of climate change.

24 Tuvalu National Adaptation Plan Framework (2020),
https://www.tuvaluclimatechange.gov.tv/sites/default/files/documents/FINAL_TuvaluNAP.pdf
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2.5.2. Policies, Plans & Legislations (National-Subnational)

The Action Plans are mainly to support adaptation efforts in Tuvalu at both the national and sub-
national levels. The policy framework provides a solid foundation for guiding adaptation efforts
and promoting coherence across sectors and levels of governance. By integrating climate change
considerations into policy development, Tuvalu aims to enhance its adaptive capacity and effectively
respond to climate risks. The key policy instruments highlighted in this section are given in table 2.10.

Table 2.10: Key Policy, Plans and Legislations

Document/Polic!

Status

Current

Te Kete: Tuvalu Policy A ten-year strategy aimed at achieving Tuvalu's

National Strategy for national vision of "a peaceful, resilient, and

Sustainable prosperous Tuvalu." It provides a broad planning

Development framework with strategic priority areas and national

(2021-2030) ogtcomes. It guides subordinate plans and aligns
with sector and corporate plans, annual plans, and
budgets. It also includes a framework for
implementation, monitoring, evaluation, and
reporting.

TeVaka O F Policy Current = A policy developed in response to Tuvalu's needs,

enua: National Climate aligned with the national priorities set in the National

Chan. Policy 2020- Strategy for Sustainable Development. It contributes

ge Follcy to regional and international commitments on

2030 ' Teg . .
climate change. The policy was informed by
assessments, consultations, and strategic
guidance. It incorporates contributions from island
leaders, communities, women, youth, and people
with disabilities.

National Adaptation Plan Current A key policy guiding adaptation efforts in Tuvalu. It

Program of Action identifies priority adaptation projects addressing

(NAPA) urgent needs of vulnerable communities. The NAPA
was updated in 2023 to reflect changing priorities
and needs.

National Adaptation Framew = Current National Adaptation Plan (NAP) Framework has

Plan (NAP) Framework ork been developed to provide strategic guidance to
Tuvalu’s NAP process. The NAP Framework draws
on a culmination of assessments, including the
findings of the integrated vulnerability assessment,
detailed desk review, and stocktake of legislation,
policies and plans relevant to climate change
adaptation.

Climate Change Legislati  Current An act aimed at building an effective climate change

Resilience Act 2019 on response and ensuring a long-term, just transition to
a climate-resilient and lower carbon economy and
society in Tuvalu.

Tuvalu Climate Change = Legislati Current = An act providing for the security of the people of

and Disaster Survival on Tuvalu against the impacts of climate change and

Fund Act 2015

natural disasters.
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Document/Polic

Status

Description

An act being revised to provide for the management

National Disaster Legislati = Current

Management on of pre- and post-effects of natural disasters in

(Amendment) Act 2021 Tuvalu.

Tuvalu Climate Change Regulati Current = Regulations that prescribe matters related to the

and Disaster Survival on application for and assessment of requests for

Fund Regulations 2017 assistance from the Tuvalu Survival Fund. The
fund's adaptation component constitutes 20% of its
allocation.

National Climate Policy ~ Current A policy draft that has been revised to align with the

Change Policy 2020- Draft UNFCCC Paris Agreement, the Framework for

2030 Resilient Development in the Pacific, and the
Sustainable Development Goals.

Health and Climate Baselin | Current = A policy profile providing a summary of available

Change Country e policy evidence on climate hazards, health vulnerabilities,

Profile 2019 health impacts, and progress made towards
achieving a climate-resilient health system.

Tropical Cyclone Tino Plan Current A plan for post-Cyclone Tino recovery and building a

Recovery and
Vulnerability
Reduction Plan 2020

more climate and disaster resilient future for Tuvalu,
including immediate, medium-term, and long-term
priorities

2.6. Adaptation Program of Action (Plans & Implementation)

The objective of the NAPA was to develop a country-wide programme of immediate and urgent project-
based adaptation activities in priority sectors, in order to address the current and anticipated adverse
effects of climate change NAPA (2007) identified seven priority projects for addressing short term
adaptation needs. These included: Coastal protection, Agriculture, Water management, Human health,
Fisheries (conservation), Fisheries (adaptation), Disaster preparedness and response.

The Tuvalu National Adaptation Plan of Action25 (NAPA) has identified Potential Adaptation Strategies
(PAS) based on existing practices and stakeholder suggestions to reduce the adverse impacts of
climate change, variability, and extreme events. The PAS include establishing coastal current breakers
to reduce erosion and increase agricultural biodiversity by transplanting local crops between islands.
The NAPA recognizes that no single PAS can eliminate all adverse impacts, and new and improved
strategies will be required in the future. Several adaptation measures have been undertaken on Tuvalu's
islands, including seawalls and coastal tree planting, with varying success. The NAPA acknowledges
that addressing future sea level rise is a complex issue that requires a community-driven system
approach. The selected PAS are listed in descending order of priority.

The severity of climate hazards such as tropical cyclones, inundation, sea level rise, and drought will
determine the future vulnerabilities of Tuvalu. The growing population of Tuvalu is already putting
pressure on sensitive environments and major sources of food security and livelihood, which can be
worsened by climate and sea level changes and extreme events. The most direct and severe effect of
climate and sea level change on Tuvalu will be increasing risks of coastal erosion, flooding, and

% Tuvalu's National Adaptation Programme of Action (NAPA), Ministry of Natural Resources,
Environment, Agriculture and Lands, Department of Environment, May 2007,
https://unfccc.int/resource/docs/napa/tuv01.pdf




inundation due to the low elevation and limited land area.

Other effects of climate and sea level change will include an increase in dengue fever and waterborne
diseases, human stress in modern houses, decreasing agricultural yields, and environmental and
socio-economic changes. The overall impacts of climate and sea level change will likely increase, and
adaptation measures and strategies should take a “no-regrets” approach. The least cost adaptation
options are consistent with this approach, but the highest cost options relate to the most severe
effects and greatest vulnerabilities and urgency. The last resort to adaptation would be migration
and resettlement. Tuvalu is considered one of the most vulnerable countries to the adverse effects of
future climate and sea level change and extreme events, according to local evidence and reports from
stakeholders.

Under each sector, the NAPA identifies specific adaptation actions and measures that are necessary
to enhance resilience and reduce vulnerability to climate change impacts. In 2007, Tuvalu's National
Adaptation Programme of Action (NAPA) identified seven priority projects for addressing short-term
adaptation needs, and six out of the seven projects have been implemented through various NAPA
projects.

1. Increasing resilience of Coastal Areas and Settlement to climate change.

2. Increasing subsistence pit grown pulaka productivity through introduction of a salt tolerant
pulaka species.

3. Adaptation to frequent water shortages through increasing household water capacity, water
collection accessories, and water conservation techniques.

4. Strengthening of Community health through control of vector borne/climate sensitive diseases
and promotion access to quality potable water.

5. Strengthening of Community Based Conservation Programmes on Highly Vulnerable near-
shore Marine Ecosystems.

6. Strengthening Community Disaster Preparedness and Response Potential

7. Adaptation to Near-Shore Coastal Shellfish Fisheries Resources and Coral Reef Ecosystem
Productivity.

2.6.1. Case study

The vulnerable physiographic condition of the islands of Tuvalu, defines the urgent need for a
comprehensive project to address coastal erosion caused by climate change and sea level rise. The
severity of coastal erosion in Tuvalu is influenced by the strength of coastal currents and sediments
at the sea/land interface, particularly in the western coastal areas. It is observed that the narrowing of
channels between islets due to erosion exacerbates the coastal current force flow, leading to further
erosion on adjacent islets and lands.

The project aims to mitigate coastal erosion and enhance the resilience of coastal areas and human
settlements in Tuvalu, which are increasingly exposed to the destructive forces of coastal currents,
storms, cyclones, and tidal surges due to climate change. The frequency of tropical storms and
associated surges is expected to increase because of climate change. The project proposes the
implementation of several key interventions. Firstly, the construction of channel current breaker
structures within the channels between islets and other areas of strong coastal current flow will help
dissipate the force of coastal currents, thereby reducing erosion on the coastal areas of islets. These
structures will act as barriers and divert the energy of the currents, protecting vulnerable coastlines.
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Additionally, the project emphasized the need for the establishment of coastal defences and the
implementation of a green belt along the coastline. Coastal defence measures such as seawalls,
revetments, and gabion structures will provide immediate protection to coastal communities against
cyclones and tidal surges. Simultaneously, the planting of a green belt consisting of deep-rooted,
salt-tolerant tree species will play a vital role in stabilizing shorelines. These trees will act as natural
barriers, absorbing wave energy and reducing the impact of erosion on stony coastlines.

Furthermore, the project recognizes the value of community-based afforestation programs using
deep-rooted, salt-tolerant species. This approach, based on recent experiences, has shown that local
tree species can effectively reduce coastal erosion. By involving the local community in afforestation
activities, the project aims to foster ownership, awareness, and sustainable management of the
planted areas.

The Coastal Erosion Mitigation and Resilience Project not only addressed the immediate challenges
posed by coastal erosion but also contribute to the long-term adaptation and resilience of Tuvalu's
coastal communities. By implementing a combination of structural and nature-based solutions, the
project aimed to protect infrastructure, preserve the natural environment, and safeguard the livelihoods
and well-being of the people of Tuvalu in the face of climate change and sea level rise.

The summarized details regarding the project are:

Goal: Increasing resilience of Coastal Areas and Community Settlement to climate change?®.

Objectives: There two objectives for this project were as follows:
. Increased protection of Coastal Areas from Erosion; and
. Increased protection of Coastal Communities from natural phenomenon.

Outcomes: Activities:
. Coastal Areas Protected. Activities included: raining of local Kaupule/Government personnel on
construction of:
o Coastal defences; and Channel Breakers structures.
o Construction of coastal defences; and
o Construction of channel current breakers.
. Coastal communities' protection enhanced. Activities will include: Development of nursery,
Planting of a green belt; and Public awareness

Short-term outputs

. Severely eroded areas rehabilitated; and
. Community Awareness enhanced.

. Potential long-term outcomes

. Coastal erosion controlled.

% Tuvalu's National Adaptation Programme of Action (NAPA), Ministry of Natural Resources,
Environment, Agriculture and Lands, Department of Environment, May 2007,
https://unfccc.int/resource/docs/napa/tuv01.pdf
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. Community settlement protection enhanced.
. Decreased coral reef buried by coastal sediments.
. Coastal resources enhanced; and Communities easily access coastal resources.

Implementation:

. Institutional arrangement The Primary implementing agencies: Department of Lands (DOLS),
Public Works Department (PWD) and Island Kaupule.

. Secondary implementing agencies: Department of Agriculture (DOA) and the Department of
Environment (DOE) and NGOs and CBOs.

Evaluation and monitoring

. Infrastructures risks from coastal erosion reduced.

. Coastal erosion inclusive in annual Kaupule development plans; and

. Community participation on coastal erosion control practices increased.
. Financial Resources: The total cost for this project is USD 1,906,500.00.

2.6.2. List of Adaptation Projects

Based on Tuvalu's priorities stemming from its' NAPA and sector policies, there are several projects
with climate change adaptation goals that have been implemented or currently being implemented
in country. A vast majority of these projects is externally funded through bilateral and multilateral
financing, the latter including the Global Environment Facility's (GEF) Least Developed Countries Fund
(LDCF) and the GCF. The main adaptation initiatives to date, in terms of scale and funding, includes:

. The NAPA-I: Increasing resilience of Coastal Areas and Community Settlements to Climate
Change in Tuvalu (March 2010 — June 2016). It was the very first project being funded and
delivered in response to Tuvalu's submission of its NAPA to the UNFCCC Secretariat in 2007.

. NAPA-I+ (July 2011 - December 2013)) was implemented to scale up adaptation initiatives
piloted under NAPA-I in the areas of agriculture, water and coastal protection. The Department of
Environment was the implementing partner and NAPA-I and NAPA-I+ received GEF LDCF funding
of USD 3.3 million and Australian Government AUD 1.1 million respectively.

. The NAPA-II: Effective and Responsive Island-level Governance to Secure and Diversify Climate
Resilient Marine-based Coastal Livelihoods and Enhance Climate Hazard Response Capacity
(August 2013 — June 2019);

. The Ridge to Reef (R2R) Project: Implementing a “Ridge to Reef" approach to protect biodiversity
and ecosystem functions in Tuvalu (August 2015 — December 2020); and

. The Tuvalu Coastal Adaptation Project (TCAP) (August 2017 — September 2023). In 2016, Tuvalu
was one of the first nations in the Pacific to secure funding from the GCF for the implementation
of TCAP. The coastal protection component of TCAP focuses on three islands (Funafuti, Nanumea
and Nanumaga). The Government of Tuvalu has expressed its intention to apply for subsequent
funding from the GCF in the future to expand coastal protection measures to other outer islands.

Table 2.11 provides a summary of the above adaptation initiatives. Moreover, the Annexure 1 of this
report presents a list of more adaptation projects undertaken in Tuvalu mainly supported by GEF, GCF
and ADB.




Table 2.11: Summary of adaptation initiatives to date: NAPA and TCAP

Project

Financing Project

Duration

Implementing
Arrangements

Key Adaptation
Priority Areas (PA)
Addressed

Project
Loc

adaptation to near-
shore coastal
shellfish fisheries
resources and coral
reef ecosystem
productivity

3. Disaster
preparedness and
response

NAPA-I GEF LDCF  Mar 2010 —  Implementing 1. Agriculture — Nanumaga
USD_3.3m Jun 2016 agency: UNDP  pulaka pits and (PA1&2),
(Completed) Implementing nurseries established = Niutao (PA1),
partner: GoT 2. Water Niulakita
Department of management — (PA1),
Environment provision, repair and  Nanumea
installation of water (PA2&3),
tanks and cisterns Vaitupu
3. Coastal protection = (PA2), Nui
—pilot of ecosystems- (PA2),
based coastal Nukulaelae
protection measures = (PA2),
Nukufetau
(PA),
Funafuti
(PA1&3)
Implementing 1. Agriculture — Nanumaga
agency: UNDP | additional 12 pulaka, = (PA1),
Implementing  breadfruit and Nanumea
partner: GoT banana plantations (PA1), Nui
Department of  in the outer islands (PA1)
Environment 2. Water
management —
additional 400m? of
fresh water supply in
the outer islands
3. Coastal protection
-expanded area of
model demonstration
projects on coastal
protection measures
in the outer islands
Aug 2013 — Implementing 1. Fisheries — All islands
USD 4.2m Jun 2019 partner: GoT community-based (PA1,2 & 3)
(Completed) Department of conservation of
GoT co- Environment highly vulnerable
financing near-shore marine
USD 14.3m ecosystems
2. Fisheries —




Ridge to GEF USD Aug 2015 -  Implementing 1. Conservation of All islands
Reef (R2R) 3.7m December partner: islands and marine (PA1, 3 and
2020 Ministry of biodiversity 4) Funafuti,
GoT co- (Current) Foreign 2. Integrated water Nanumea
financing Affairs, Trade, resource and
USD 15.6m Tourism, management Nukufetau
Environment 3. Governance and (PA2)
and Labour institutional capacity
4. Data and
information
management
systems for natural
resource
management
Tuvalu GCF USD Aug 2017 —  Implementing 1. Institutional All islands
Coastal 36m Sep 2023 agency: UNDP  capacity, human (PA1 & 3)
Adaptation GoT co- (Current) Implementing resources, Funafuti
Project financing partner: GoT awareness and (reclamation),
(TCAP) USD 2.9m Climate knowledge Nanumea
Change 2. Coastal protection and
Department to protect critical Nanumaga
infrastructure (PA2)
3. Financing
mechanism for
adaptation

2.7. Conclusion

Tuvalu is the world's second lowest-lying country and one of the most vulnerable nations in both
the Pacific region and the world to the impacts of climate change. The adverse effects of climate
change are already taking a toll on its economic and social progress. The foreseeable future suggests
that the effects on vital sectors like Coastal resources, agriculture, forestry, fisheries, infrastructure,
water, health, energy and tourism will further deteriorate. To counteract this, deliberate and cohesive
endeavours are imperative across various levels of governance to comprehensively record the
economic consequences of climate change on vulnerable sectors.

The necessity for adaptation is paramount in reshaping Tuvalu's developmental approach and fortifying
its ability to withstand climate-related impacts. Simultaneously, multiple government entities, donors,
and civil organizations are collaborating to enhance the country's adaptive capacity to climate change
effects. Yet, it remains crucial to mobilize additional resources that can more effectively bolster
adaptive actions at all levels of governance.




3. Greenhouse gas Inventory

3.1. Brief background and Process

The third national Greenhouse Gas (GHG) Inventory of Tuvalu has been developed as a part of the Third
National Communications (TNC) to the United Nations Framework Convention on Climate Change
(UNFCCC), for the year 2021. Tuvalu's national GHG inventory includes greenhouse gas emissions
from Energy; Agriculture, Forestry and Other Land Use (AFOLU), and the Waste sector (along with each
sector's individual categories and sub-categories) within the national territory and offshore areas over
which the country has jurisdiction. Emissions from the Industrial Processes and Product Use (IPPU)
sector is not occurring due non-existence in the absence of any major industry or industrial process
emissions. GHG emissions from International bunker (international Aviation) has also been estimated
and reported as memo item in the inventory; however, not included in the Tuvalu's total national GHG
emissions.

In this report, a detailed description of the anthropogenic Greenhouse Gases (GHG) inventory of the
emissions of carbon dioxide (CO2), methane (CH4) and nitrous oxide (N20) (It is to be noted Tuvalu
has negligible or no emission of hydrofluorocarbons (HFCs), perfluorocarbons (PFCs), and sulphur
hexafluoride (SF6), hence not occurring. The GHG emissions by sources and excluding removal by
sinks has been presented for the year 2021. The Tier-1 methodological tier and IPCC default emission
factors employed for GHG estimation.

Table 3.1: Summary of Tuvalu's GHG Emission and Removals Gg CO2e: 2021

Inventory Year: 2021 Emissions (Gg)

CO;
Equivalents

Categories

Total National Emissions and Removals

Energy 8.708 | 0.0004 | 0.0002 8.774
Industrial Processes and Product Use NO NO NO NO
Agriculture 0.000 | 0.270 | 0.004 8.543
Land Use Change and Forestry (removals) NE NE NE NE
Waste 0.000 | 0.046 | 0.001 1.508

Memo ltems (5)

International Bunkers 0.100 | 0.000 | 0.000 0.101

Total GHG Emissions, excl. Removals 8.708 | 0.316 | 0.005 18.825

NE = Not estimated, NO= Not Occurring




This NIR is successive to the first National GHG inventory submitted by Tuvalu as a part of the initial
National Communication (INC)27 submitted in 1999 (GHG inventory for the year 1994) and its second
GHG inventory under the Second National Communication (SNC)28 submitted in 2015 (GHG inventory
for the year 2014). A summary information table of previous national GHG inventories i.e., for the years
1994 and 2000, as reproduced from previous submissions has also been presented table 3.2 and 3.3
respectively.

Table 3.2: Summary First National Greenhouse Gas (GHG) Inventory year 1994

Inventory Year: 1994 Sectoral Total GHG emissions in Gg
Sector CO, CH, N;O CO.eq
1. Energy 4.65 | 0.00000024 | 0.000000002 4.65
2. Industrial Processes and Product Use (IPPU) NE NE NE NE
3. Agriculture 0 0.04 0.00002 1.22
4. Waste NE NE NE NE
Total GHG Emissions, excl. Removals 4.65 0.04 0.000016 5.86
NE= Not Estimated

Table 3.3: Summary First National Greenhouse Gas (GHG) Inventory year 2014

Inventory Year: 2014 Sectoral Total GHG emissions in Gg
Sector CO, (o1 N,O CO.eq
1. Energy 11.16 0.0007 | 0.0001 11.21
2. Industrial Processes and Product Use (IPPU) NE NE NE NE
3. Agriculture 0 0.03 0.01 4.62
4. Waste 0 0.08 0.001 2.64
Total GHG Emissions, excl. Removals 11.16 0.11 0.02 18.47

The GHG Emissions for the inventory years 2015 to 2021 have been estimated using Tier 1 approach
in accordance with the 2006 IPCC Guidelines for Greenhouse Gas Inventories and IPCC Good Practice
Guidance (GPG) and with all the Greenhouse Gas emissions divided as per the 2006 IPCC Guidelines
i.e., Sectoral, Sub-sectors and Gas type categorization. The default emission factors provided in the

27 First National Communication of Tuvalu Submitted to UNFCCC, https://unfccc.int/documents/144824
28 Second National Communication of Tuvalu, https://unfccc.int/documents/64688
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2006 IPCC guidelines have been used due to lack of country specific emission factor. The sectors and
gases assessed for the estimation of third national GHG inventory includes the emissions by sources
(excluding removals by sinks) of all anthropogenic GHGs (excluding the precursor gases and gases
covered under Montreal protocol).

This NIR estimates the GHG emissions from the following sectors which are relevant to Tuvalu:

1. Energy

2. Industrial Processes and Product Use (IPPU) — Not Occurring in Tuvalu
3. Agriculture, Forestry and Other Land Use (AFOLU) and

4. Waste

The present NIR also estimates time series i.e., a sequence of annual greenhouse gas inventory
estimates from the year 2015 to 2001. The table 3.4 present the time series GHG emissions:

Table 3.4: Summary National Greenhouse Gas (GHG) Inventory for the years 2015-2021

Inventory Year: 2015-2021 ‘ Net CO, Emissions, (CO, Equivalents Gg)
Categories ‘ 2015 2016 2017 2018 2019 | 2020 2021
1 - Energy 948 | 9.73 | 820 | 6.87 | 10.3 | 13.8 | 8.71
5 2
2 - Industrial Processes and Product Use NO NO NO NO NO NO NO

3 - Agriculture, Forestry, and Other Land 8.70 | 8.67 | 8.64 | 862 | 859 | 8.57 | 8.54
Use

4 - Waste 144 | 144 | 143 | 148 | 149 | 1.50 | 1.51

Total GHG Emissions, excl. Removals 19.7 | 199 | 18.3 | 17.0 | 20.5 | 24.0 | 18.8

It is to be noted, there is no manufacturing industry or industrial process emissions occurring in the
country. Moreover, Tuvalu doesn't import any solvents or refrigerants and ODS directly, a small amount
of refrigerant and ODS are used in equipment (Air-conditioning and Refrigeration) only. Hence, GHG
emissions from this sector are not estimated for the inventory years 2015-2021.

For inventory years 2015-2021, energy sector GHG emissions were estimated using both the reference
approach and the sectoral approach. Further, International bunker emissions were also estimated
and reported as memo items in the national GHG inventory; however, the GHG emissions from the
international bunker are not included in Tuvalu's total national GHG emissions.

The GHGs estimated are (i) Carbon dioxide (CO2); (ii) Methane (CH4) and (iii) Nitrous oxide (N20).
The UNFCCC Reporting Guidelines encourage Parties to provide information on the following indirect
GHGs: Oxides of Nitrogen (NOx), Carbon Monoxide (CO) and Sulphur dioxide (502), and Non-Methane
Volatile Organic Compounds (NMVOC). To this end, an attempt is made to estimate emissions from
these indirect gas from the Energy sector in this inventory for the period 2015-2021 using the emission
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factors provided in the EMEP/EEA Guidebook 201929. A detailed discussion is provided in the later
sections of this report. The indirect GHG emissions are not accounted for in the aggregated national
GHG emissions. The GHG emissions reported in Giga-grams (Gg) and the aggregated GHG emissions
and removals are expressed in CO2 equivalent (CO2e) using the Global Warming Potential (GWP)
defined by Fifth Assessment Report (AR5)30 by the Intergovernmental Panel on Climate Change (IPCC).

Table 3.5: Global Warming Potential of various gases as per IPCC Fifth Assessment Report

CO2 1
CHa 28
N20 265

3.2. Tuvalu's National GHG Inventory: 2015-2021

3.2.1. Overview

Tuvalu's total GHG emissions for the years 2015-2021 have been estimated based on the approach
and methodologies discussed in the previous section of the report and are presented hereunder in the
following section.

In 2021, Tuvalu's total GHG emissions (excluding removals) was 18.82 Gg CO2e (in comparison to 5.86
Gg CO2e estimated for year 1994 under the first national communication and 18.47 Gg CO2e estimated
for year 2014 under the second national communication). This comprises direct CO2 emission 8.708
Gg, CH4 emission 0.316 Gg and N20 emissions 0.005 Gg during 2021. The emissions of other indirect
GHG like perfluorocarbons (PFCs), hydrofluorocarbons (HFCs), and Sulphur hexafluoride (SF6) are not
estimated due to limited application and no manufacturing of the products containing these gases.
In absolute terms, Tuvalu's total GHG (CO2e) emissions were negligible (around 0.000036%) of the
total Global GHG emissions for year 2021(Global GHG emissions for 2021, excluding LULUCF, are
preliminarily estimated at 52.8 Gt C02e31).

The total GHG emissions in Tuvalu for the year 2021, are presented in the Table 3.6:

2% EMEP/EEA air pollutant emission inventory guidebook 2019 https://www.eea.europa.eu/
publications/emep-eea-guidebook-2019/at_download/file

30 |PCC Fifth Assessment report, Global Warming Potential (GWP) Values, https://www.ipcc.ch/pdf/
assessmentreport/ar5/wg1/WG1AR5_Chapter08_FINAL.pdf (p. 73-79)

31 Emissions Gap Report 2022, https://www.unep.org/resources/emissions-gap-report-2022

e 97 I I IIIII




Table 3.6: Tuvalu's GHG Emission and Removals Gg CO2e: 2021

Inventory Year: 2021 Emissions (Gg)
CO2
Categories Equival
ents
Total National Emissions and Removals
1-Energy 8i7 0.(‘)1.00 0.(;00 8.77 0.;)3 0.22 0.004 (::)
N o 8.7 0.000 0.000 0.03 | 0.02 0.0
1.A - Fuel Combustion Activities 1 4 2 8.77 8 5 0.004 11
q 5.5 0.000 0.000 0.00 | 0.00 | 0.0000 0.0
1.A.1 - Energy Industries 1 P 04 5.53 5 1 6 03
2.6 | 0.000 | 0.000 0.03 | 0.02 0.0
1.A.3 - Transport 8 1 2 273 3 4 0.004 07
0.5 | 0.000 | 0.000 0.00 0.0000
1.A4 - Other Sectors > 04 004 0.52 1 0 5 0
2 - Industrial Processes and Product Use NO NO NO NO NO NO NO NO
3 - Agriculture, Forestry, and Other Land Use 0 0.27 0.004 8.54 NO NO NO NO
3.A - Livestock 0 0.27 0.001 7.73 NO NO NO NO
3.A.1 - Enteric Fermentation NO 0.01 0 0.30 NO NO NO NO
3.A.2 - Manure Management NO 0.26 0.001 7.42 NO NO NO NO
3.C - Aggregate sources and non-CO2 NO NO 0.003 0.82 NE NE NE NE
issions sources on land ) )
3.C.1 - Emissions from biomass burning NE NE NE NE NE NE NE NE
SOHS?;.CA - Direct N20O Emissions from managed NO NO 0.001 033 NE NE NE NE
SOHS&C.S - Indirect N20O Emissions from managed NO NO 0.%00 0.07 NE NE NE NE
3.C.6 - Indirect N20O Emissions from manure NO NO 0.002 0.41 NE NE NE NE
management
4 - Waste NO 0.05 0.00 1.51 NE NE NE NE
4.A - Solid Waste Disposal NO | 0.04 0.00 1.10 NE NE NE NE
4.D - Wastewater Treatment and Discharge NO | 0.006 0.001 0.41 NE NE NE NE
Memo Items (5)
. 0.000 | 0.000 0.00 | 0.00 | 0.0000

International Bunkers 0.1 001 003 0.10 04 01 7 0

1.A.3.a.i - International Aviation (International 01 0.000 0.000 0.10 0.00 | 0.00 | 0.0000 0
Bunkers) i 001 003 | 04 01 7

1.A.3.q.| - International water-borne navigation NE NE NE NE NE NE NE NE
(International bunkers)
Total GHG Emissions, excl. Removals 87| 032 | 001 | 1883 | o004 | 003 | 000a |0
NE= Not Estimated, NO= Not Occurring




3.3. Total GHG Emissions 2015-2021

Tuvalu's total GHG emissions in Gg CO2e (excluding removals) for the inventory years 2015-2021 are
presented as follows:
Figure 3.1: Tuvalu's GHG Emission (excluding removals), Gg CO2e: 2015 -2021

2015 2016 2017 2018 2019 2020 2021
Inventory Years
u Total GHG Emissions, excl. Removals
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Table 3.7: Tuvalu's GHG Emission (excluding removals), Gg CO2e: 2015 -2021

Inventory Year: 2015-2021 Net CO; Emissions, (CO. Equivalents Gg)
Categories 2020 2021
1 - Energy 9.57 | 9.82 | 8.28 | 6.92 | 10.44 | 13.96 | 8.77
2 - Industrial Processes and Product Use NE NE NE NE NE NE NE

3 - Agriculture, Forestry, and Other Land Use 8.70 | 867 | 864 | 862 | 859 | 8.57 | 8.54

4 - Waste 144 | 144 | 143 | 148 | 149 | 1.50 | 1.51

Total GHG Emissions, excl. Removals 19.71 | 19.93 | 18.35 | 17.02 | 20.52 | 24.03 | 18.82

Notation keys: NE= not estimated
Figure 3.2: Tuvalu’s GHG Emission (excluding removals) by Gas (Gg): 2015 -2021
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Table 3.8: Tuvalu's GHG Emission (excluding removals), Gg CO2e: 2015 -2021

GHG Emissions (Gg)

CH,
2015 9.48 0.3182 0.00498 19.71
2016 9.73 0.3175 0.00495 19.93
2017 8.20 0.3166 0.00485 18.35
2018 6.87 0.3172 0.00476 17.02
2019 10.35 0.3170 0.00490 20.52
2020 13.82 0.3169 0.00505 24.03
2021 8.71 0.3163 0.00476 18.82

Figure 3.3: Tuvalu's GHG Emission (excluding removals) by Gas (Gg): Average 2015-2021

CH,
3.20% N;O

CO;
= CO, =CH, " N,O 96.75%

The total GHG emissions from Tuvalu is increasing during the inventory years 2015-2021, an indicative
increase in the CO2 emission followed by minimal variations in CH4 and N20 emissions. CO2 emissions
are mainly attributed to the fossil fuel combustion activities, while CH4 and N20 emissions are from
agriculture-livestock (Enteric fermentation, Manure management and Aggregate sources and non-

CO2 emissions sources on land) and Waste Sector (Solid waste and wastewater) respectively.




3.4. GHG Emissions by Sector

The main GHG emission sectors and sub-sectors in Tuvalu are:

. Energy Sector (Direct Fuel Consumption for Combustion Activity)
o Energy Industries (Electricity Generation)
o Transportation
o Road Transportation
o Water-borne Navigation (Domestic)
o Other Sectors
+  Residential, Commercial, Institutional
+  Agriculture/Forestry/Fishing/Fish Farms
. Agriculture, Forestry, and Other Land Use (AFOLU)
o Livestock
o Aggregate sources and non-CO2 emissions sources on land
. Waste
+  Solid Waste
+  Solid Waste Disposal
+  Wastewater Treatment and Discharge
+  Domestic Wastewater
Note: GHG emissions from international aviation have been calculated as memo item and not
included in the total GHG emissions from Tuvalu. While GHG emissions from international waterborne
navigation have not been calculated due to lack of fuel consumption/distribution for the said purpose.

The listed sector and sub-sectors are sources of direct CO2 emission, CH4 emission and N20
emissions and emissions of precursor gases (NOx, SOx, and NMVOC); further the other indirect GHGs
like perfluorocarbons (PFCs), hydrofluorocarbons (HFCs), and Sulphur hexafluoride (SF6) are not
estimated due to limited application and no manufacturing of the products containing these gases in
Tuvalu. The total GHG emissions for the year 2015-2021 (excluding removals) is summarized in the
table 3.9.

Table 3.9: Tuvalu's Total GHG Emission (Gg CO2e): 2015 -2021

Inventory Year: 2015-2021 Net CO, Emissions, (CO, Equivalents Gg)
Categories 201 | 201 | 201 | 201 201 202 202
5 6 7 8 (1] 1
1 - Energy 9.57 | 9.82 8.28 6.92 10.4 | 13.9 8.77
4 6
1.A - Fuel Combustion Activities 9.57 | 9.82 | 828 | 6.92 | 104 | 13.9 | 8.77
4 6
1.A.1 - Energy Industries 3.73 3.98 | 445 | 4.93 5.53 5.87 5.53
1.A.3 - Transport 455 | 458 2.87 1.26 3.83 6.64 273
1.A4 - Other Sectors 130 | 126 | 096 | 0.73 | 1.09 | 146 | 0.52
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2 - Industrial Processes and Product Use NO NO NO NO NO NO NO
3 - Agriculture, Forestry, and Other Land Use 8.70 8.67 8.64 8.62 8.59 8.57 8.54
3.A - Livestock 784 | 782 | 780 | 7.78 | 7.76 | 7.74 | 7.73
3.A.1 - Enteric Fermentation 031 | 0.31 | 0.31 | 0.30 | 0.30 | 0.30 | 0.30
3.A.2 - Manure Management 7.53 | 7.51 749 | 748 | 746 | 744 | 742
3.C - Aggregate sources and non-CO; emissions sources 0.86 | 0.85 | 0.84 | 0.84 | 0.83 | 0.82 | 0.82
on land
3.C.4 - Direct N2O Emissions from managed soils 0.36 | 036 | 0.35 | 0.35 | 0.34 | 0.34 | 0.33
3.C.5 - Indirect N2O Emissions from managed soils 0.08 | 0.08 | 0.07 | 0.07 | 0.07 | 0.07 | 0.07
3.C.6 - Indirect N2O Emissions from manure management 042 | 042 | 042 | 042 | 042 | 042 | 041
4 - Waste 144 | 144 | 143 | 148 | 149 | 150 | 1.51
4.A - Solid Waste Disposal 1.05 | 1.05 | 1.05 | 1.08 | 1.09 | 1.09 | 1.10
4.D - Wastewater Treatment and Discharge 039 | 039 | 039 | 040 | 040 | 0.40 | 0.41
Total GHG Emissions, excl. Removals 19.7 | 199 | 183 | 17.0 | 20.5 | 24.0 | 18.8
1 3 5 2 2 3 2

Notation keys: NE= not estimated, NO= Not Occurring

3.4.1. GHG Emissions by Sub-sector and Categories

Tuvalu's sub-sector wise GHG emissions indicates that, the key GHG emissions contributions are from
1.A - Fuel Combustion Activities (electricity generation, transport and others), 3.A — Livestock (3.A.1 -
Enteric Fermentation and 3.A.2 - Manure Management), 3.C.4 - Direct N20 Emissions from managed
soils, 3.C.5 - Indirect N20 Emissions from managed soils, 3.C.6 - Indirect N20 Emissions from manure
management, 4.A - Solid Waste Disposal, and 4.D - Wastewater Treatment and Discharge.

The sub-sector wise GHG emissions show that, the GHG emissions from enteric fermentation, manure
management, Aggregate sources and non-CO2 emissions sources on land (direct N20 emissions
from managed soils and indirect N20 emissions from managed soils and manure management)
activities are reducing year-on-year basis. This is mainly attributed due to the decline in the livestock
population. The total GHG emissions from enteric fermentation, manure management and Aggregate
sources and non-CO2 emissions sources on land activities have decreased approximately by 1.39%,
1.43% and 4.81% respectively during the inventory period 2015-2021.

A detailed analysis of each of the sub-sectors is provided in the later sections of the report. Tuvalu's

Sub-sectoral GHG emissions during the inventory years 2015-2021, presented here:




Figure 3.4: Tuvalu’'s GHG emissions contributions by Sub-sectors (excluding removals) (Gg CO2e):
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Table 3.10: Tuvalu's Sub-Sectoral GHG Emission (excluding removals), Gg CO,e: 2015 -2021

Inventory Year: 2015-2021 Net CO, Emissions, (CO; Equivalents Gg)
Categories 2015 2016
1.A.1 - Energy Industries 3.73 | 3.98 | 445 | 493 | 553 | 587 | 5.53
1.A.3 - Transport 455 | 458 | 2.87 | 1.26 | 3.83 | 6.64 | 2.73
1.A.4 - Other Sectors 1.30 | 1.26 | 0.96 | 0.73 | 1.09 | 1.46 | 0.52
3.A.1 - Enteric Fermentation 0.31 | 0.31 | 0.31 | 0.30 | 0.30 | 0.30 | 0.30
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3.A.2 - Manure Management 753 | 7.51 | 749 | 748 | 7.46 | 7.44 | 7.42

3.C.4 - Direct N2O Emissions from managed soils 0.36 | 0.36 | 0.35 | 0.35 | 0.34 | 0.34 | 0.33

3.C.5 - Indirect N2O Emissions from managed soils | 0.08 | 0.08 | 0.07 | 0.07 | 0.07 | 0.07 | 0.07

3.C.6 - Indirect NoO Emissions from manure | 0.42 | 0.42 | 0.42 | 042 | 042 | 0.42 | 0.41

management
4.A - Solid Waste Disposal 1.05 | 1.05 | 1.05 | 1.08 | 1.09 | 1.09 | 1.10
4.D - Wastewater Treatment and Discharge 0.39 | 0.39 | 0.39 | 0.40 | 0.40 | 0.40 | 0.41
Total GHG Emissions, excl. Removals 19.7 | 19.9 | 18.3 | 17.0 | 20.5 | 24.0 | 18.8

3.4.2. GHG Emissions by Gases

The gas-by-gas emissions for Tuvalu's inventory years 2015-2020 include three main Greenhouse
gases viz Carbon dioxide (CO2), Methane (CH4) and Nitrous-oxide (N20). The emissions of other
GHGs like hydrofluorocarbons (HFCs), perfluorocarbons (PFCs) and Sulphur hexafluoride (SF6) have
not been estimated as due to the reasons and limitation discussed in the previous section. Further,
effort has been made to estimate emissions of indirect gases such as carbon monoxide (CO), oxides
of nitrogen (NOx), non-methane volatile organic compounds (NMVOC), and Sulphur dioxide (S02) from
Energy Sector (Energy Industries, Transport, Other sectors- Commercial, Institutional and Residential).
However, they are not main source of the GHGs and have very negligible quantum. These emissions
are not counted under national total GHG emissions.

The dominant GHG emission in Tuvalu is carbon dioxide (CO2) which emits mainly from fossil fuel
combustion activities for electricity generation, transportation, other sectors such as Residential/
Commercial/Institutional and Agriculture/Forestry/Fishing/Fish Farms. Next main GHG is Methane
(CH4), and it mainly occurs from Livestock, Aggregate sources and non-CO2 emissions sources on
land and Solid Waste and Wastewater disposal and treatment activities. This is followed by N20
emissions mainly from livestock, Aggregate sources and non-CO2 emissions sources on land and
wastewater sub-sector.

Gas wise GHG emissions in Tuvalu during the inventory years 2015-2021 are presented in the table
3.11 and discussed in detail in the following section:

Table 3.11: Tuvalu's Gas-wise GHG Emission (excluding removals), Gg: 2015-2021

Year CO, CH, N,O

2015 9.48 0.3182 0.0049
2016 9.73 0.3175 0.0049
2017 8.20 0.3166 0.0048
2018 6.87 0.3172 0.0047




2019 10.35 0.3170 0.0049

2020 13.82 0.3169 0.0050

2021 8.71 0.3163 0.0047

Average 9.59 0.317 0.005

%Share 96.75% 3.20% 0.05%

Percentage change between 2015-2021 -8% -0.6% -4.5%

Carbon dioxide (C02)

Figure 3.5: Tuvalu's Total CO2 emissions in Gg: 2015-2021
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The net CO2 emissions in Tuvalu is estimated for the period 2015-2021 and presented in Figure 3.5.
The energy sector and sub-sectors are the main source of CO2 emissions and accounts for entire CO2
emissions in Tuvalu. The net CO2 emissions show an increasing trend over the inventory period. It has
increased from 9.48 Gg, peaked at 13.82 Gg in 2020 and reaching to an estimated value of 8.71 Gg in
year 2021. This decline in 2021 is attributed to decline in import of fuels and slowdown of economy
due to global Covid-19 pandemic.

Methane (CH4)

Figure 3.6: Tuvalu's total Methane (CH4) emissions in Gg — 2015-2021
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The CH4 emission trend shows a slightly declining trend, and it is mainly attributed due to the decrease

in population of livestock in the inventory years. The CH4 emissions in Tuvalu were estimated at 0.0048

Gg in 2021 declining from 0.318 Gg in 2015, representing 0.6% decrease during the inventory period.

Majority of the CH4 emissions viz around 86% is contributed from agriculture sector mainly Livestock-

enteric fermentation and manure management. While remaining 14% is contributed from the waste
sector (Solid waste disposal- MSW and Domestic wastewater discharge).

Table 3.12: Tuvalu's Sub-sector wise CH4 Emission Gg: 2015-2021

3.A- 3.A1- 3.A2- 4- 4.A- 4D - Total CH,
Livestock Enteric Manure Waste Solid Wastewater Emissions
Year Fermentation Management WWES G Treatment
Disposal and
Discharge
2015 0.274 0.011 0.263 0.044 0.038 0.006 0.318
2016 0.273 0.011 0.262 0.044 0.037 0.006 0.317
2017 0.273 0.011 0.262 0.043 0.037 0.006 0.317
2018 0.272 0.011 0.261 0.045 0.039 0.006 0.317
2019 0.271 0.011 0.261 0.045 0.039 0.006 0.317
2020 0.271 0.011 0.260 0.045 0.039 0.006 0.317
2021 0.270 0.011 0.259 0.046 0.039 0.006 0.316

Nitrous Oxide (N20)

Figure 3.7: Tuvalu's total Nitrous Oxide (N20) emissions in Gg — 2015-2021
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The net N20 emissions in Tuvalu were estimated at 0.004 Gg in 2021 declining from 0.005 Gg in
2015, representing a decrease of about 4.5% during the inventory period. The average contribution of
N20 emissions on total GHG emissions of Tuvalu is minimal of about 0.05%. Approximately 79% of
the Tuvalu's total N20 emissions comes from contributed agriculture sector (Aggregate sources and
non-C0O2 emissions sources on land). While the remaining 21% of N20 emission is comes from waste
sector (Domestic wastewater Treatment and Discharge). The rationale behind the decreasing N20
emission trend is same as of the CH4 emissions.

Table 3.13: Tuvalu's subsector wise N20 Emission Gg: 2015 -2021

1.A-Fuel 3.A2- 3.C4- 3.C.5- 3.C.6 - 4D - Total N;O
Combustio Manure Direct Indirect Indirect Wastewate = Emission
n Activities Manageme | N20 N20 \p{e] r s
nt Emission Emission Emissions Treatment
s from s from from and
managed managed manure Discharge
soils soils manageme
nt
2015 0.0003 0.0006 0.0014 0.0003 0.0016 0.00082 0.0050
2016 0.0003 0.0006 0.0013 0.0003 0.0016 0.00081 0.0049
2017 0.0002 0.0006 0.0013 0.0003 0.0016 0.00081 0.0048
2018 0.0001 0.0006 0.0013 0.0003 0.0016 0.00084 0.0048
2019 0.0003 0.0006 0.0013 0.0003 0.0016 0.00084 0.0049
2020 0.0005 0.0006 0.0013 0.0003 0.0016 0.00085 0.0051
2021 0.0002 0.0006 0.0013 0.0003 0.0016 0.00085 0.0048

Other GHGs (PFCs, HFCs and SF6)




Emissions from Other indirect GHGs like Perfluorocarbons (PFCs), hydrofluorocarbons (HFCs), and
Sulphur hexafluoride (SF6) are not estimated and reported under this inventory for the reasons stated
in the previous sections.

Precursor and Indirect Emission (NOx, CO, NMVOC, and S02)

The table 3.14 and figure present reporting of the following precursors: nitrogen oxides (NOx), non-
methane volatile organic compounds (NMVOC), carbon monoxide (CO) and sulphur dioxide (SO2)
emissions and emission trend in Tuvalu for the year 2015-2021.

Table 3.14: Tuvalu's net Indirect GHG emission (Gg) during 2015-2021

Year \[0)7¢ (o0] NMVOC SO,

2015 0.0673 0.0366 0.0058 0.0166
2016 0.0730 0.0291 0.0051 0.0183
2017 0.0352 0.0387 0.0052 0.0092
2018 0.0109 0.0306 0.0037 0.0039
2019 0.0443 0.0545 0.0072 0.0115
2020 0.0816 0.0788 0.0110 0.0198
2021 0.0385 0.0254 0.0037 0.0108

Figure 3.8: Tuvalu's net Indirect GHG emission trend during 2015-2021
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The above table and figure represent the indirect GHG emission in Tuvalu for the inventory years 2015-
2021 shows that the emissions of these gases follow the same trend as that of the energy sector- fuel
combustion activities as they are directly dependent on the fossil fuel combustion.
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3.5. GHG Emission Sector Analysis: 2015- 2021

The following section present the analysis of Tuvalu's key GHG emission sectors i.e., Energy, AFOLU
and Waste Sector for years 2015 to 2021.

3.5.1. Energy Sector

Tuvalu's Energy sector is the major emission contributing sector to the total GHG emissions. Tuvalu is
one of the Pacific countries who has achieved 100% access since 2017, in line with SDG 7.1 on access.
In spite of achieving universal access to electricity, Tuvalu is heavily reliant on imported petroleum
products for transport, electricity generation and household use such as cooking and lighting. The high
fuel prices and fluctuations impact heavily on businesses and households and undermine growth and
food security, especially the most isolated outer island. The Pacific Energy Group became established
in the Tuvalu in 2010, after to the acquisition of the BP assets and it is primary importer and distributor
of petroleum products including LPG. Sulani Trading is the second largest importer and wholesaler
of petroleum products in the country. The company imports by container (tanktainers) and has no
on the ground bulk storage. Sulani Trading sells all petroleum products including refilling LPG tanks
and oil for 2 cycle engines. Mackenzie Trading imports fuel and LPG by container (tanktainer) and
fills tanks for customers or ships barrels of fuel to distributors. The company also retails its products
directly. The difficulty for estimating energy sector GHG for Tuvalu has been in terms of the sectoral
breakdown of emissions, given that there were no energy balances for the country available; further
the sectoral fuel sales forthcoming from the fuel suppliers/retailers are not available. The data on fuel
import quantity provided by the department of Energy have been used to estimate CO2 emissions from
the Energy sector. While, the sectoral GHG emissions have been estimated using data available from
the stakeholders as well as expert judgment of the sectoral experts and is built on the assumption
that the entire fuel quantity imported is consumed in the same year and is not stored. In a nutshell,
the energy sector emissions have been estimated using both IPCC reference approach and sectoral
approach for the years 2015 to 2021.

Table 3.15 presents a summary of total fuel consumption in energy sector during the inventory year
2015-2021.

Table 3.15: Total Fuel Consumption in Energy Sector: 2015-2021

Diesel oil Gasoline/Petrol | Aviation Gasoline | Other Kerosene @ LPG Import
(Litres) (Litres) (Litres) (Litres) (kg)
2015 2766076 651000 92000 126000 110400
2016 2993996 462000 184000 189000 78400
2017 2294390 785750 161000 31430 83880
2018 1926462 659748 225288 26390 65750
2019 2858960 1123462 289576 25082 48616




2020 3791457 1587175 36157 23773 31483

2021 2795203 470204 43479 22465 14349

In 2021, Energy sector emitted 47% of the total national GHG emissions. This was predominated by
fossil fuel combustion activities, comprising of energy industries (63%), transport (31%) and other
sectors (6%) of total emissions from the energy sector. The emission levels have increased from 2015
onwards till 2020 and followed by a dip in 2021. Table 3.16 gives the relative distribution of GHG
emissions across the energy sector.

Table 3.16: Tuvalu's Energy Sector GHG emissions Gg CO2e: 2015-2021

Inventory Year: 2015-2021 Net CO, Emissions, (CO, Equivalents Gg)

Categories 2016 2017 2018 2019 2020
1 - Energy 9.57 9.82 8.28 6.92 10.44 | 13.96 | 8.77
1.A - Fuel Combustion Activities 9.57 9.82 8.28 6.92 10.44 | 13.96 8.77
1.A.1 - Energy Industries 3.73 3.98 4.45 4.93 5.53 5.87 5.53
1.A.3 - Transport 4.55 4.58 2.87 1.26 3.83 6.64 2.73
1.A.4 - Other Sectors 1.30 1.26 0.96 0.73 1.09 1.46 0.52
Total GHG Emissions, excl. Removals 19.71 19.93 18.35 17.02 | 20.52 | 24.03 18.82

Comparison of the sectoral approach with the reference approach
The GHG Emissions from the energy sector were estimated using reference and sectoral approaches
using IPCC Tier 1 analytical framework. Under the reference approach, GHG emissions were estimated
using only the fuel consumption data for each type of fuel. The results of estimated CO2 emissions for
the GHG inventory year 2015-2021 using reference approach have been estimated and compared with
the CO2 emissions estimated using sectoral approach. The difference between the outputs from the
two approaches are presented in the table 3.17, the results are well below the thresholds recommended
by IPCC. Table 3.17 presents the calculation results using reference and sectoral approach.

Table 3.17: Energy Sector CO2 Emissions using Reference and Sectoral Approach: 2015-2021




Reference Approach Sectoral Approach Difference

Apparent
Invent Consumpt co
ory Apparent  Excluded ion - 2 Energy Energy CO:
. Emissi ..
Year Consumpt Consumpt Excluding on Consumpt Consumpt = emissi
ion (TJ) ion (TJ) Non- (Gg) ion (TJ) ion (%) on (%)
energy

uses (TJ)
2015 133.025 3.020 130.005 9.464 130.242 9.481 -0.18% -0.18%
2016 138.708 6.040 132.668 9.702 133.024 9.728 -0.27% -0.26%
2017 118.241 5.285 112.956 8.200 113.015 8.204 -0.05% -0.05%
2018 102.016 7.395 94.621 6.871 94.671 6.875 -0.05% -0.05%
2019 151.853 9.506 142.347 10.344 142.395 10.347 -0.03% -0.03%
2020 191.264 1.190 190.074 13.816 190.118 13.819 -0.02% -0.02%
2021 118.336 1.427 116.909 8.705 118.667 8.708 -1.50% -0.03%

International bunker fuels

In accordance with 2006 IPCC guidelines, CO2 emissions from International Bunkers and burning
of biomass are not included under the national items, only International Bunkers i.e., international
aviation and international water borne navigation have been estimated and reported separately as
memo items in the inventory.

International bunkers include international aviation and international water borne navigation. However,
data on the fuel consumption for international water borne navigation is not available and hence has
not been estimated under this inventory for the period 2015-2021.

Table 3.18: International Bunkers GHG emissions Gg CO2e trend, 2015-2021

Inventory Year: 2015-2021 Net CO, Emissions, (CO, Equivalents Gg)

Categories 201 201 201 201 | 201 202 202
5 6 7 8 9 0 1

International Bunkers

1.A.3.a.i - International Aviation (International Bunkers) 0.21 | 0.42 | 0.37 | 0.52 | 0.67 | 0.08 | 0.10

1.A3.d.i - International water-borne navigation | NE NE NE NE NE NE NE
(International bunkers)

1A Fuel Combustion Activities




1A1 Energy Industries

In 2021, Electricity generation accounted for 8.77 Gg CO2e, approximately 29% of the total national
emissions and 63% of the energy sector emissions indicating that the Electricity generation is the
largest fossil fuel consumer and GHG emitter within ‘Energy Sector'. Tuvalu Electricity Corporation
(TEC) is a state-owned enterprise, a vertically integrated electricity utility that owns and operates
the generation and distribution assets in the capital of Funafuti and the outer islands of Nukulaelae,
Nukufetau, Nui, Nuitao, Vaitupu, Nanumaga and Nanumea. It was established by an Act of Parliament
in 1990 and is mandated by the Act to be managed with prudent commercial principles with a view
to profit. Electricity generation in Tuvalu is majorly based on diesel generators. The main island of
Funafuti constitutes the majority of electrical demand for the country, with the outer islands already
on the way towards 100% renewable energy. As can be seen in figure 3.9, approximately 13% of the
electricity in 2020 was generated from renewable sources (solar). Tuvalu is one of the Pacific countries
who has achieved 100% access since 2017. Funafuti has an annual average increased demand forecast
of 3.0%32. Resulting in a forecast demand increase of 200% from 2020 annual consumption of 7,281
MWh to 14,562 MWh in 2045. Funafuti currently (as of 2020) has 3 x 600kW diesel generation and
735 kWp of installed solar PV capacity that is operational in Funafuti. To achieve a 100% renewable
contribution for Funafuti by 2025 would require 7.6 MW of solar PV and 3 MW / 14 MWh of battery
energy storage.

Figure 3.9: Electricity Generation- Diesel v/s Solar and Diesel Consumption (Litres)
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Fuel consumption data electricity generation were obtained from TEC for the inventory years 2015-
2021.

3 Tuvalu - Funafuti Road Map (2019),
https://www.tectuvalu.tv/wp-content/uploads/2021/09/Tuvalu-Road-Map_Entura-report-1.pdf




Figure 3.10: Electricity Generation- Diesel Consumption (Litres) and GHG Emissions (Gg CO2e): 2015-

2021
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Further, the emissions from indirect gases are also estimated for the period 2015-2021 and they follow
similar trend as that of total CO2e emissions. Table 3.19 and Figure 3.11, presents the Indirect GHG
emissions of NOx, CO, NMVOC and SO2 gas from the Electricity generation for the period 2015-2021.

Table 3.19: Indirect GHG emissions from electricity generation for period 2015-2021

Year NOx co NMVOC SO,

2015 0.0033 0.0008 0.00004 0.0023
2016 0.0035 0.0009 0.00004 0.0025
2017 0.0039 0.0010 0.00005 0.0028
2018 0.0043 0.0011 0.00005 0.0031
2019 0.0048 0.0012 0.00006 0.0035
2020 0.0051 0.0013 0.00006 0.0037
2021 0.0048 0.0012 0.00006 0.0035
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Figure 3.11: Indirect GHG emissions in Gg from electricity generation for period 2015-2021
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1A3 Transport—Road, Civil Aviation, and Water-borne Navigation
In 2021, GHG emissions from the transport sector are 2.73 Gg CO2e which is about 31% of total CO2e
emissions from the energy sector and 14% of total national GHG emissions (excluding removals). Road
transport sector accounted for 57% of the total GHG emissions from the transport sector followed
by water borne navigation (43%). As can be seen in figure 3.12, the emissions from the transport
sector were 1.26 Gg in 2018. This is attributed due largely to slower economic growth in year and less
quantity of fuel imported in contrast to other years.

Transport subsector is the second largest consumer of commercial fuel energy within the Energy
sector in Tuvalu. Mainly two fuel types are used in road transport sectors i.e., petrol (gasoline) and
diesel. In addition, lubricants are also used for two-stroke engines.

Tuvalu has only one airport, the Funafuti International Airport and there is no domestic civil aviation in
the country. The emission estimates made for the combustion of AVG and DPK in international aviation
is reported separately as a memo item under international bunkers. The Domestic Navigation sector
emission estimates are based on fuel consumption (Gas / Diesel Qil). Emissions estimates made for
international fleets are not estimated under this inventory due to lack of data and reported as memo
item under marine bunkers separately.

Figure 3.12: Tuvalu's total GHG Emissions Transport Sub-sector (Gg CO2e): 2015-2021
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Table 3.20: Indirect GHG emissions from Transport Sub-sector (Gg) for period 2015-2021

Year \[0)4 co NMVOC ‘ SO,

2015 0.0615 0.0350 0.0056 0.0136
2016 0.0664 0.0273 0.0048 0.0149
2017 0.0303 0.0374 0.0051 0.0062
2018 0.0061 0.0293 0.0036 0.0007
2019 0.0386 0.0530 0.0071 0.0078
2020 0.0752 0.0771 0.0108 0.0158
2021 0.0330 0.0240 0.0036 0.0072

Figure 3.13: Indirect GHG emissions in Gg from Transport Sub-sector for period 2015-2021
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In the absence of data on actual fuel distribution/consumption for transport subsector certain
assumptions were made to determine the fuel consumption for this subsector. In case of Diesel oil, the
total quantity of diesel oil used for electricity generation is deducted by the total quantity of diesel oil
imported into the country and the resultant is distributed in the transportation and other subsector in
proportions as described below:

. 35% of the remaining diesel import is used for road transportation.

. 60% of the remaining diesel import is used for sea transportation i.e., domestic water-borne
navigation.

. And remaining 5% is used in Commercial and Institutional Buildings.

For Gasoline/ Petrol, it was assumed that 70% of the total petrol import is used for road transportation.
While remaining quantity i.e., 30% of the total petrol is used for Fishing under Agriculture/Forestry/
Fishing/Fish Farms subsector. While for Lubricating Oil, it is assumed that 100% of the total Lubricant
oils imported is used in road transportation.

1A4 Other sectors




Other sectors include commercial/institutional sector, residential sector and agricultural/fisheries
sector. The major fuel consumed in residential sector are LPG, Kerosene and Biomass. While diesel oil,
kerosene and LPG are used in commercial and institutional buildings for lighting and cooking purposes
respectively. Further, gasoline is used for fishing boats and reported under the Agriculture/Forestry/
Fishing under the Other sectors. The remaining diesel oil (viz about 5%) after electricity generation and
transport is assumed to be used in this subsector. While kerosene and LPG imported are assumed to
be distributed in equal proportions for residential, commercial and institutional buildings use.

In 2021, the Other sectors together emitted 0.52 Gg of CO2e, which is approximately 6% of total CO2e
emissions from the energy sector and 3% of total national GHG emissions (excluding removals). The
biomass consumption in the residential sector (mainly form cooking) is mostly renewable biomass,
collect form the forest land, in the absence of data emission form the biomass combustion not
included in the national inventory report.

Figure 3.14: Tuvalu's Other Sectors Total GHG Emissions (Gg CO2e): 2015-2021
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Table 3.21: Indirect GHG emissions from Other Sector (Gg) for period 2015-2021

Year \[0)7¢ (of0] NMVOC SO,

2015 0.0025 0.0008 0.00021 0.0007
2016 0.0032 0.0010 0.00024 0.0009
2017 0.0009 0.0003 0.00009 0.0002
2018 0.0005 0.0002 0.00006 0.0001
2019 0.0009 0.0003 0.00007 0.0002
2020 0.0012 0.0004 0.00009 0.0003
2021 0.0007 0.0002 0.00005 0.0002




Figure 3.15: Indirect GHG emissions from Other Sector (Gg) for period 2015-2021
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3.5.2. Industrial Processes and Product Use (IPPU)

In Tuvalu this sector is non-existence in the absence of any major industry or industrial process
emissions. This sector also comprises emissions from solvent and other product use containing
volatile compounds (primarily Non-Methane Volatile Organic Compounds). However, Tuvalu doesn't
import any solvents or refrigerants and ODS directly, small amount of refrigerant and ODS used in
equipment (AC&R) only. Hence, GHG emissions from this sector considered as not occurred for the
inventory years 2015-2021.

3.5.3. Agriculture, Forestry, and Other Land Use (AFOLU)

Tuvalu's Agriculture is dominated by subsistence agriculture and has traditionally been the
preoccupation of Tuvaluan people and involves the cultivation of trees and crops and raising a limited
number of pigs, chickens and ducks. As reported in the 2017, Tuvalu Agriculture and Fisheries Report
about 90% of households are undertaking some type of agricultural activity in 2017, including livestock
raising (reported by 84 % of all households), crop growing (69 %), buying or selling fish (60 %) and
handicrafts (35 %). Further, Agriculture continued to be the largest single sector in the Tuvalu economy
in 2017, with a total value of Australian Dollars (AUD) 10.5 million. Agriculture sector is a major source
of methane and nitrous oxide emissions in Tuvalu. Emissions the Forestry and Other Land Use have
not been estimated in this inventory. The emissions from the following sub-sectors and categories are
estimated under this inventory.

. Livestock
o Enteric Fermentation
o Manure Management
. Aggregate sources and non-CO2 emissions sources on land
The Livestock population data used for estimating GHG emissions for the inventory period 2015-2021
is estimated based on the Tuvalu 2002 population and housing census® and the Tuvalu Agriculture

33 2002 data source: Tuvalu 2002 population and housing census. Volume 1— analytical report/
Secretariat of the Pacific Community,
https://sdd.spc.int/digital_library/tuvalu-2002-census-vol-1-analytical-report
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and Fisheries Report34. The data for the missing years have been estimated using Extrapolation and
interpolation techniques in accordance with the IPCC good practice guidance (GPG).

Table 3.22: AFOLU Sector GHG Emission in Gg CO2e (excluding Removal): 2015-2021

Inventory Year: 2015-2021 Net CO, Emissions, (CO, Equivalents Gg)

Categories 2016 2017 2018 2019 2020

3 - Agriculture, Forestry, and Other 8.70 8.67 8.64 8.62 8.59 8.57 8.54

Land Use
3.A - Livestock 7.84 7.82 7.80 7.78 7.76 7.74 7.73
3.A.1 - Enteric Fermentation 0.31 0.31 0.31 0.30 0.30 0.30 0.30
3.A.2 - Manure Management 7.53 7.51 7.49 7.48 7.46 7.44 7.42

3.C - Aggregate sources and non- 0.86 0.85 0.84 0.84 0.83 0.82 0.82
CO:2 emissions sources on land

3.C.4 - Direct N2O Emissions from 0.36 0.36 0.35 0.35 0.34 0.34 0.33
managed soils

3.C.5 - Indirect N2O Emissions from 0.08 0.08 0.07 0.07 0.07 0.07 0.07
managed soils

3.C.6 - Indirect N2O Emissions from 0.42 0.42 0.42 0.42 0.42 0.42 0.41
manure management

342012 and 2014 data source: Tuvalu Agriculture and Fisheries Report: Based on the analysis of the
2017 Population and Housing Census, https://stats.gov.tv/census/#




Figure 3.16: Tuvalu's AFOLU Total CO, equivalent Emissions (Gg): 2015-2021
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In 2021, Tuvalu's agriculture sector was the second largest GHG emitting sector and accounted for
about 45% of the total GHG emissions (excluding removals). As can be seen from the following table
and figure, the GHG emissions from agriculture sector have declined during the inventory period. This
decrease is mainly attributed due to the decline in livestock population. Agriculture sector emissions
(excluding removals) reached to 8.54 Gg CO2e in 2021 from 8.70 Gg CO2e in 2015, representing a
decrease in emissions of about 2% approximately.

Figure 3.17: Tuvalu’s AFOLU Sector Emission (excluding removals) breakdown by Sub-categories (%):
2021
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As shown in the figure 3.17, the major share of the average GHG emission of Agriculture sector during
the period 2015-2021 is from the Livestock farming —manure management (87%), enteric fermentation
(3.5%). While the rest comes from Direct N20 emissions from managed soil (4%) and Indirect N20
emissions from managed soils and manure management (1% and 4.8% respectively). The sub-sector
analysis in the subsequent sections entails detailed discussion on these GHG emission contributing
sub-sectors and categories.




3.5.4. Livestock

Livestock raising is one of the most important agricultural activities in Tuvalu, playing a key role in
supporting household livelihoods and providing income, particularly in rural areas. Pigs, Chickens and
ducks are the livestock generally raised across the country with home consumption as the primary
purpose. Tuvalu has recorded decrease in households raising livestock as well as in number of livestock
in 2017 compared to 2002. The population of livestock estimated for the inventory period 2015-2021
were based on the 2002 population and housing census and Tuvalu Agriculture and Fisheries Report
2017. The table 3.23 presents the livestock population data used for estimating GHG emissions from
Livestock sub-sector.

Table 3.23: Livestock Population in Tuvalu: 2015-2021

Livestock Species/Category 2015 2016 2017

Pigs 10945 10920 10894 10869 10844 10818 10793
Chicken 16950 16197 15443 14690 13937 13184 12431
Ducks 1462 1336 1209 1083 956 830 703

Figure 3.18: Tuvalu's Livestock sub-sector GHG Emission Share (excluding Removal): 2015-2021
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As can be seen in figure 3.18, approximately 96% of the Livestock sector emissions are contributed
from manure management activities and 4% from enteric fermentation during the inventory period
2015-2021.

Enteric Fermentation

Methane is produced in herbivorous animals as a by-product of enteric fermentation, a digestive
process by which carbohydrates are broken down by micro-organisms into simple molecules for
absorption into the bloodstream. Ruminant livestock (e.g., cattle, goat, sheep) are major sources of
methane and moderate amounts produced from non-ruminant livestock




(e.g., pigs, horses). This methane when released adds to GHG emission in the atmosphere. The GHG
emissions contributions from Enteric Fermentation have decreased from 0.306 Gg CO2e in 2001 to
0.302 Gg CO2e in 2021. This decrease is mainly attributed to the decreasing population of livestock.

Figure 3.19: GHG emissions from Enteric Fermentation in Gg CO2e: 2015-2021
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Manure Management

Manure management contributes to about 96% of the GHG emissions from Livestock sub-sector in
Tuvalu. GHG emissions contributions from Manure management has reduced from 7.53 Gg CO2e in
2015 to 7.42 Gg CO2e in 2021. This represents a decrease in emission contributions of about 1.46%
during the inventory years 2015-2021. Tuvalu's manure management system types include anaerobic
lagoons, pit storage, composting and pasture/range/paddock. Pig wastes are largely managed in
anaerobic lagoons (over 70%) followed by 10% each in pit storage, composting and pasture/range/
paddock. While chickens and ducks are free ranging. The emissions from pasture/range/paddock are
estimated under the category ‘Indirect N20 Emissions from manure management' under Aggregate
sources and non-C0O2 emissions sources on land sector. Manure management system emissions can
be further reduced if modern/ scientific manure management systems are introduced into the country.

Figure 3.20: GHG emissions from Manure Management in Gg CO2e: 2015-2021
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3.5.5. Aggregate sources and non-CO2 emissions sources on
land

The N20 emissions from soils mainly occurs from two pathways- direct and indirect. Direct N20
emissions to estimated using net N additions to soils (synthetic or organic fertilizers, deposited
manure, crop residues etc.) and mineralization of N in soil due to cultivation/land-use change on
mineral soils. Indirect N20 emissions occurs from two pathways. The first of these pathways is
through the volatilization of N as NH3 and oxides of N (NOx), and the deposition of these gases and
their products NH4+ and NO3- onto soils and the surface of lakes and other waters. The second
pathway is the leaching and runoff from land of N from synthetic and organic fertilizer additions, crop
residues, mineralization of N associated with loss of soil C in mineral and drained/managed organic
soils through land-use change or management practices, and urine and dung deposition from grazing
animals. Due to limited data availability on usage of fertilizers in Tuvalu, only emissions from animal
manure are taken into account. This sub-sector contributes about 10% of the total GHG emissions
from AFOLU sector.

Table 3.24: Aggregate sources and non-CO2 emissions sources on land GHG Emission in Gg CO2e
(excluding Removal): 2015-2021

Inventory Year: 2015-2021 Net CO, Emissions, (CO, Equivalents Gg)
Categories 201 201 201 201 201 202 202
5 6 7 8 9
3.C - Aggregate sources and non-CO. emissions sourceson | 0.86 | 0.85 | 0.84 | 0.84 | 0.83 | 0.82 | 0.82
land
3.C.4 - Direct N,O Emissions from managed soils 0.36 | 0.36 0.35 0.35 | 0.34 0.34 0.33
3.C.5 - Indirect N,O Emissions from managed soils 0.08 | 0.08 | 0.07 | 0.07 | 0.07 | 0.07 | 0.07
3.C.6 - Indirect N,O Emissions from manure management 0.42 0.42 0.42 042 | 042 0.42 0.41
0 4
Total GHG Emissions, excl. Removals 19.7 19.9 18.3 17.0 | 20.5 | 24.0 18.8
1 3 5 2 2 3 2

Figure 3.21: Aggregate sources and non-CO2 emissions sources on land GHG Emission in Gg CO2e
(excluding Removal): 2015-2021
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Direct N20 Emissions from managed soils

The Direct N20 emissions from managed soils occurring due to urine and dung N deposited on
pasture, range and paddock by grazing animals (FPRP) have been estimated for the inventory years
2015-2021. The emissions from this category reached to 0.33 Gg CO2e in 2021 decreasing from 0.36
Gg CO2ein 2015.

Figure 3.22: GHG emissions from Direct N20 Emissions from managed soils in Gg CO2e: 2015-2021
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Indirect N20 Emissions from Managed Soils

Under this category emissions due to the volatilization of N as NH3 and oxides of N (NOx), and the
deposition of these gases and their products NH4+ and NO3- onto soils and the surface of lakes and
other waters are estimated. The GHG emissions from this category decreased to 0.07 Gg CO2e in 2021
from 0.08 Gg CO2e in 2015.

Figure 3.23: GHG emissions from Indirect N20 Emissions from managed soils in Gg CO2e: 2015-2021
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Indirect N20 Emissions from Manure Management
Under this category indirect N20 emissions from manure management occurring through NH3
volatilization and leaching of N during storage and handling of animal manure are estimated.




The GHG emissions from this category decreased from 0.420 Gg CO2e in 2021 from 0.414 Gg CO2e

in 2015.
Figure 3.24: GHG emissions from Indirect N20 Emissions from Manure management in Gg COZ2e:
2015-2021
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3.6. Waste sector
Tuvalu's waste sector includes estimation of GHG emissions, mainly Methane (CH4) and Nitrous oxide
(N20) emission estimate from the following key categories:

. Solid Waste Management and Disposal (excluding biological waste)
. Domestic and Commercial wastewater handling (there is no industrial wastewater generation)

Inthe year 2021, the waste sector emitted 1.51 Gg CO2e, of which is 8% of total national GHG emissions.
The total methane emissions form waste sector was 0.046 Gg and nitrous oxide emissions was 0.0009
Gg. Methane (CH4) emissions occur from solid and wastewater disposal and N20 is mainly emitted
from wastewater discharge. The table 3.25 illustrate the waste sector emissions:

Table 3.25: Waste Sector GHG Emissions (Gg): 2015- 2021

Waste sector emissions (Gg): 2015- 2015 2016
2021
Total CH4 emissions (MSW) 0.038 | 0.037 | 0.037 | 0.039 | 0.039 | 0.039 | 0.039
Total CH4 emissions (WW) 0.006 | 0.006 | 0.006 | 0.006 | 0.006 | 0.006 | 0.006
Total CH4 emissions (Waste Sector) 0.044 | 0.044 | 0.043 | 0.045 | 0.045 | 0.045 | 0.046

. 0.000 | 0.0008 | 0.0008 | 0.0008 | 0.0008 | 0.0008 | 0.0009
Total N2O emissions

Total COze 1.44 1.44 1.43 1.48 1.49 1.50 1.51




Figure 3.25: Tuvalu's Waste sector Emissions in Gg CO2e: 2015-2021
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3.6.1. Solid Waste Disposal - Municipal Solid Waste (MSW)

The key source of methane emissions from solid waste management and disposal includes emissions
from anaerobic decomposition of waste disposed at 8 major open dump sites located on Nanumea,
Nanumaga, Niutao, Nui, Vaitupu, Nukufetau, Funafuti, Nukulaelae islands. All the disposal sites in the
country are classified as open dumpsites and thus need physical improvements to upgrade to proper
and safe disposal landfills.

First Order Decay (FOD) model has been applied for calculation of methane emission from landfill sites.
In a FOD model, the decay rate of carbon in the waste is governed by a first order reaction. Thus, the
rate of decay is directly proportional to the amount of carbon remaining in the disposal site. This model
is built on an exponential factor that describes the fraction of degradable material which each year is
degraded into CH4 and CO2. One key input in the model is the amount of degradable organic matter in
the waste disposed at the solid waste disposal site. Degradable Organic Carbon (DOC) is the organic
carbon in the waste that is amenable to biochemical decomposition. The basis for the calculation
is the amount of Decomposable Degradable Organic Carbon (part of the organic carbon that will be
degradable under an anaerobic condition) at the disposal site of solid waste after initial decomposition
under aerobic condition. The spreadsheet model estimates the amount of decomposable DOC in the
disposal site, taking into account of the amount deposited each year and the amount.

In the absence of actual monitored data, the MSW generation in Tuvalu is estimated from the total
population of the country and using MSW waste generation rate of 0.42 kg/capita/day as provided
in the latest waste survey report titled ‘Tuvalu Waste Survey Report' implemented by Department
of Waste Management in December 201735. The waste composition was also taken from the 2017
survey report as the Weight of waste component (wt%) in Tuvalu as presented in the figure 3.26.

3% Tuvalu Waste Survey Report, 2017,
https://tuvalu-data.sprep.org/dataset/tuvalu-waste-survey-report-2017
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Figure 3.26: MSW Characterization (wt%) — Tuvalu Waste Survey Report (2017)

Domestic Waste Composition Weight Fraction- 2017
(Wt%)

Others
Glass 15%

4%

Textiles
2%

Metals
4%

Plastic
10%

Kitchen & Garden
Waste
60%

Population

Total Population 10700 10673 10645 10975 11052 11129 11206
Urban population (Funafuti) 6170 6437 6716 6206 6304 6401 6498
Rural population (Outer Islands) 4444 4178 3929 4928 4932 4935 4938
MSW Generation Rate

(o lcanitaiday) 0.42 0.42 0.42 0.42 0.42 0.42 0.42

Total Solid Waste (MSW) generated- | 1640.3 | 1636.1 | 1631.8 | 1682.4 | 1694.2 | 1706.0 | 1717.8
Tonnes 1 7 8 7 7 8 8

Waste disposed at managed sites
(landfill) -Tonnes

Waste disposed at un-managed sites | 1640.3 | 1636.1 | 1631.8 | 1682.4 | 1694.2 | 1706.0 | 1717.8

(landfill, open dumping) -Tonnes 1 7 8 7 7 8 8
No of landfill 8 8 8 8 8 8 8
Uncontrolled waste dumps 8 8 8 8 8 8 8

In 2021, GHG emissions from municipal solid waste disposal and disposal were 1.10 Gg CO2e
increasing from 1.05 Gg CO2e in 2015 indicating an increase of about 5% during the inventory period
2015-2021. This increase is attributed due to the increase in the total population of the country.




3.6.2. Wastewater Treatment and Discharge

Wastewater treatment and Sanitation system is a major concern in Tuvalu just like other pacific
island countries (PICs). All the islands are low lying, with an average elevation of 3 metres (m) above
sea level. The groundwater table is just 1-1.3 m below the surface and is even shallower in some
parts of Funafuti. Only in limited areas groundwater can be found at depths greater than 2 m. As a
result, any surface pollutants, or pollutants from leaking underground septic pits easily moves into
the groundwater, and from the groundwater system into lagoons36. Contamination of groundwater
resources and coastal lagoons poses threat to the human health as well the environment and hampers
socio-economic development of the country. In Tuvalu houses are connected to piped sewers and
septic tanks are the most common form of sanitation. There was no wastewater treatment facility
operational in the country during the inventory period and the wastewater generated is discharged to
the nearby water bodies without treatment leading to methane and nitrous oxide emissions.

In 2021, the GHG emissions contribution from the wastewater treatment and discharge subsector
was 0.41 Gg CO2e viz about 2% of the total GHG emissions of the country and about 27% of total GHG
emissions from waste sector. The quantity of wastewater generated and IPCC default parameter for
Oceania region have been used for estimating GHG emissions due to lack of monitored data. The Tier 1
method has been applied to estimate GHG emissions form the sub-sector, that uses the default values
for the emission factor and activity parameters (such as specific per capita BOD in the inventory year,
maximum methane producing capacity (Bo), methane correction factor (MCFi), fraction of nitrogen in
protein, factor to adjust for non-consumed protein, etc.) and is considered good practice for countries
with limited data. The table 3.27 presents the parameters used for estimation of GHG emissions from
this sub-sector.

Table 3.27: Activity data for wastewater disposal: 2015-2021

DETETETET

Unit 2015 2016 2017
ers

Population Number 10700 10673 10645 10975 11052 11129 11206

Wastewater’s
source

Domestic

Organic
content in the
wastewater - | kg BOD/yr

in inventory
year, TOWi

292912 | 292173.3 | 291406.8 | 300440.6 | 302548 | 304656.3 | 306764.
5 75 75 25 5 75 25

3 Economics of liquid waste management in Funafuti, Tuvalu / by Padma Lal, Kalesoma Saloa and
Falealili Uila. — Apia, Samoa: SPREP, 2006.




Wastewater MLD 0 0 0 0 0 0 0
treated
Specific per
caplta BODin | g/person/d 60 60 60 60 60 60 60
inventory ay
year, BOD
ATVl kg/person/
capita protein gp . 34.68 34.68 34.68 34.68 34.68 34.68 34.68
consumption, Y

3.7. Key Category Analysis-2021

As per the Decisions 17/CP.8 and 2/CP.17 the Non-Annex | Parties are encouraged, to the extent
possible, to undertake any key category analysis (level/trend or both) to assist in developing inventories
that better reflect their national circumstances. Key category Analysis (KCA) is prominent for the
national GHG inventory development, and it provides a framework for identifying the most important
categories in the GHG inventory. Key categories identified are emission or removal categories that
contribute most to the total or trend in emissions level of the country. KCA aids the country to prioritize
efforts in improving the GHG inventory over time.

The Tuvalu's National GHG Inventory key categories have been identified in terms of their contribution
to the absolute level of national GHG emissions and removals. Basic Approach 1 has been adopted for
quantitative analysis in objective manner, accounting uncertainties and suggested aggregation level
of analysis, as presented in the table 3.28.

Table 3.28: KCA: Aggression Level of Analysis for Approach-1

IPCC Greenhouse

Category IPCC Category
gas

code
Energy
1.A Fuel Combustion Activities CO3, CHg, All fuel

N20
Agriculture, Forestry and Other Land Use
3.A1 Enteric Fermentation CH4 All Category of Livestock
3.A2 Manure Management CHa, N2O All Category of Livestock
3.C4 Direct N2O Emissions from managed soils N2O All Category of Livestock
3.C5 Indirect N2O Emissions from managed soils | N.O All Category of Livestock
3.C.6 Indirect N2O Emissions from manure N2O All Category of Livestock
management
Waste
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4.A Solid Waste Disposal CH4 MSW Waste- Whole Country

4.D Wastewater Treatment and Discharge CHas, N2O Domestic Wastewater- Whole
Country

In Approach 1, key categories are identified using a pre-determined cumulative emissions threshold.
The approach 1 identify key categories assesses the influence of various categories of sources and
sinks on the level, and possibly the trend, of the national greenhouse gas inventory. Key categories
are those that, when summed together in descending order of magnitude, add up to 95% of the total
level; however as per GPG key categories identified between threshold of 95% and 97%. The table 3.29
provides a summary of the key categories for the approach 1 level and trend assessment for the recent
year i.e., 2021. The full calculations are annexed to the report.

Table 3.29: Summary of key category analysis Inventory year 2021

IPCC 2021 2021
Category IPCC Category Greenhouse gas Level Trend
code (o (o
1.A Fuel Combustion Activities CARBON DIOXIDE (COy) | Yes Yes
3.A2 Manure Management METHANE (CH.) Yes Yes
4.A Solid Waste Disposal METHANE (CH.) Yes Yes

3.C.6 Indirect N2O Emissions from manure management | NITROUS OXIDE (N2O) Yes Yes

3.C4 Direct N2O Emissions from managed soils NITROUS OXIDE (N20) Yes Yes

3.A1 Enteric Fermentation METHANE (CH.) Yes

3.8. Uncertainty Analysis

Uncertainty estimates are an essential element of a complete emissions inventory. Uncertainty analysis
has been carried out in accordance with the IPCC general guidance on uncertainty assessment37. In
accordance with the 2006 IPCC Guidelines, Approach 1 of uncertainty assessment is used. Approach
1 is based upon error propagation and is used to estimate uncertainty in individual categories, in the
inventory as a whole, and in trends between a year of interest and a base year. The Uncertainties
from disaggregated levels are combined by multiplying the default uncertainty values. The overall
uncertainty in national emissions i.e., Percentage uncertainty in total inventory was estimated as 46%;
and the trend in national emissions between the base year and the current year has been estimated
as 102%. The major uncertainty contributed from the Energy sector and AFOLU sector followed by the
Waste sector.

372006 IPCC Guidelines, Volume 1, Chapter 3- Uncertainties
http://www.ipccnggip.iges.or.jp/public/2006gl/pdf/1_Volume1/V1_3_Ch3_Uncertainties.pdf




In Tuvalu, key uncertainties are associated with data availability, missing data, lack of comprehensive
information, data archiving and lack of country specific emission factors. It is recognized that having
country specific emission factors and more detailed activity data will help reduce uncertainty in future
inventory. For example, in the energy sector there is good data available on fuel imports into the
country but there is lack of information on end usage.

Table 3.30: Uncertainty range for key Sector emissions

Activity Emission
factor / .
. data ; . Combined
IPCC Categories . estimation .
uncertai uncertainty
nty parameter
uncertainty
Input
data Input data
% %
1 - Energy
1.A - Fuel Combustion Activities CO- 0.95 0.00 0.95

3 - Agriculture, Forestry, and Other Land

Use
3.A - Livestock CH4, N.O 0.30 0.00 0.25
3.B-Land N2O 0.30 0.00 0.25
4 - Waste CHg, N2O 0.50 0.00 0.40

3.9. GHG Emission Trend Analysis: 1994 — 2021
3.9.1. GHG Emission Trend: 1994 — 2021
This section presents the trend analysis for key emission-intensive sectors in Tuvalu (namely Energy,

AFOLU, and Waste) for the inventory period 1994 and 2014-2021.

Figure 3.27: Tuvalu's Total GHG emissions (excluding removals) in Gg CO2e: 1994, 2014-2021
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Tuvalu's total GHG emissions (excluding removals) reached to 18.82 Gg CO2e in 2021 rising from
5.86 Gg CO2e in 1994, representing an increase in emission levels by about 221% over 27 years.
As can be seen in figure 3.27, there is a dip in emission level in year 2018 viz mainly attributed due
to slower economy growth which led to decrease in fuel import. The 1994 GHG inventory covered
emissions Energy and Agriculture sector. In 2014 inventory the sectoral coverage was increased and
GHG emissions were estimated for all the key IPPC sectors i.e., Energy, AFOLU, and Waste sector. It is
to be noted, the current inventory for the period 2015-2021 covers emissions from Energy, Agriculture,
and Waste sector and does not include emissions from Forestry and Other Land Use sector due to lack
of data on land use changes for the inventory period.

3.9.2. Sectoral GHG Emission Trend: 1994-2021

This section presents the GHG emission trends in Tuvalu's key GHG emission sector of i.e., Energy,
Agriculture (Livestock and Aggregate sources and non-CO2 emissions sources on land) and Waste
(Solid waste- MSW and Domestic wastewater) for more categoric review and analysis of GHG emission
trends in Tuvalu.

Figure 3.28: Tuvalu's total GHG emissions by sectors (excluding removals) in Gg CO2e: 1994, 2014-
2021
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Figure 3.29: Tuvalu's Energy sector total GHG emissions in Gg CO2e: 1994-2021
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Tuvalu's estimated total energy sector GHG emission reached to 8.77 Gg CO2e in 2021 from 4.65
Gg CO2e in 1994, representing an increase in emissions by about 89%. Energy sector emissions is
analogous to the quantity of fuel imported into the country. Diesel used in electricity generation has
grown more slowly (with the introduction of more renewables into the generation mix.

Figure 3.30: Tuvalu's AFOLU sector total GHG emissions (excl. removals) in Gg CO2e: 1994-2021
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Tuvalu's total GHG emissions from Agriculture sector were estimated at 8.54 Gg CO2e in 2021. The
emissions from 'Livestock’ and ‘Aggregate sources and non-CO2 emissions sources on land' sub-
sector in Tuvalu shows a decreasing trend and is mainly attributed to the estimated population of the
livestock in the country. Livestock sector emissions reached to 0.82 Gg CO2e in 2021 from 1.22 Gg
CO2ein 1994.

Livestock raising is one of the most important agricultural activities in Tuvalu, playing a key role in
supporting household livelihoods and providing income, particularly in rural areas. Pigs, chickens and
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ducks are the livestock raised in the country with home consumption (subsistence) as the main
purpose of raising livestock.

However, there is a lack of modern scientific manure management systems (composting of pig waste
is practiced at some extent) and some of the livestock are free ranging due to which the emissions
from both ‘livestock’ and '‘Aggregate sources and non-CO2 emissions sources on land' sub-sector has
the significant share in the total GHG emissions from Tuvalu.

The Waste sector emissions were not estimated under the 1994 inventory. However, they are estimated
in the 2014 inventory as well as under this inventory for the period 2015-2014. Tuvalu's emissions
from waste sector reached to 1.51 Gg CO2e in 2021. The waste sector emissions show an increasing
trend during the inventory years 2015 to 2021 and raising concerns. The increase in the waste sector
emissions is attributed to the rising population of the country. All the disposal sites in the country
are classified as open dumpsite and thus need physical improvements to upgrade to proper and
safe disposal landfills. Whereas the wastewater generated is discharged into nearby waster bodies
untreated which is leading to contamination of ground water and soil.

Figure 3.31: Tuvalu's Waste sector total GHG emissions in Gg CO2e: 2014-2021
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3.9.3. Gas-wise Emission Trend: 1994-2021

This section presents the Gas wise emission trend in Tuvalu during the inventory years 1994 to
2021. The CO2 emissions is mainly due to fuel combustion activities. While CH4 and N20 emissions
are contributed from Agriculture sector (Livestock and Aggregate sources and non-CO2 emissions
sources on land) and Waste sector (Solid waste- MSW and Wastewater treatment- Domestic).

Figure 3.32: Tuvalu's Gas-wise emissions in Gg: 1994, 2014-2021
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As can be seen in figure 3.32, the CO2 emissions trend indicates that's the emission levels of CO2 in
Tuvalu have increased to 8.71 Gg to 4.65 Gg during the period 1994 to 2021, representing an increase
of about 87% approximately. CH4 emissions shows a significant increase of over 632% during the
period 1994- 2021, increasing to 0.32 Gg in 2021 from 0.04 Gg in 1994. Whereas the N20 emission are
estimated to have reached to 0.028 Gg in 2021 from 0.000016 Gg in 1994.

3.10. Conclusion

The preparation of this inventory has been another opportunity to strengthen the credibility of the
results and the rigour of the national system used to produce the inventory estimates. This inventory
serves as a key source of evidence on Tuvalu's National greenhouse gas emissions trends and aids
in monitoring progress made towards reduction of GHG emission. It also acts as an important tool
for Tuvalu's policy recommendations on climate change and enables to measure success of such
policies. The current GHG inventory provides comprehensive information on GHG emissions for the
years 2015 to 2021 and also reflects the trend in emission levels since 1994. The GHG emissions
results for the inventory period 2015-2021 reveals a varying trend over the reporting period with the
annual variation dominated by fuel consumption in energy sector.

The compilation of the GHG inventory continues to remain a major challenge, especially in terms of the
availability of activity data for estimation of GHG emissions. The key findings and recommendations of
this inventory development exercise have been identified during and highlighted in previous sections
of the report. However, data collection, monitoring and verification for GHG emission sector is key
takeaway of this exercise. For the future GHG inventory Tuvalu shall minimize the data gaps and
uncertainty specifically in Energy, Livestock and Waste sector.




4. Mitigation Assessment

4.1. Background

Tuvalu is a Small Island Developing States (SIDS) with least developed country (LDC) status. SIDS have
long been recognized by the United Nations Framework Convention on Climate Change (UNFCCC) and
Intergovernmental Panel on Climate Change (IPCC) as extremely vulnerable countries to the adverse
impacts of climate change, variability and extreme weather events some of which include rising sea
levels, extreme weather events, king tides, inundation and coral bleaching. Tuvalu also faces similar
challenges like most of the SIDS and the Pacific Island Countries (PICs).

Tuvalu is an archipelago and comprises of nine small islands, six of them being atoll islands (with
ponding lagoons) namely Nanumea, Nui, Vaitupu, Nukufetau, Funafuti and Nukulaelae. The remaining
three islands, Nanumaga, Niutao, and Niulakita are raised limestone reef islands. Tuvalu is home to an
estimated population of 11,925. Due to the small population and lack of land area and resources, the
scope for economic diversification, including exports, is minimal. Tuvalu has a narrow economic base
due to the remoteness of the islands from international and regional markets, tiny land mass, a small
and dispersed population and limited natural resources.

Energy is a critical component of any country’'s economic development. Although approximately 98%
of the households have access to electricity, Tuvalu's electricity generation is heavily reliant on diesel
fuel, which has a high cost and also exposes the states to energy security risk including fuel price
volatility. Tariffs are largely insufficient to recover current operating costs and there is no provision
for capital works or unexpected maintenance. Large scale conversion to renewable electricity and
implementation of energy efficiency improvements will reduce the diesel demand. The Government
of Tuvalu's (GoT) published and endorsed ‘Enetise Tutumau 2012-2020 Master Plan for Renewable
Electricity and Energy Efficiency' in February 2013 provides the framework for developments in the
energy sector in Tuvalu. The Master Plan set a target for electricity to be 100% from renewable energy
by 2020 and for energy efficiency to be increased by 30%. The Government has subsequently extended
the target date for achieving 100% renewable energy from 2020 to 2025. However, the current share of
renewable energy in the fuel mix of the capital, Funafuti, is only 16%. The focus of the Government to
date has been to increase the renewable energy contribution on the outer islands of Tuvalu to 100%, to
be followed by increasing renewable energy contribution on Funafuti. The government is also seeking
to transition the outer islands from 60% to more than 90% renewable energy for power generation.
The Tuvalu-Funafuti Road Map provides a pathway for current and future stages of renewable energy
development on Funafuti towards a 100% renewable energy contribution level.

The Government of Tuvalu (GoT) signed the UNFCCC on 8th June 1992 and the Kyoto protocol on 16th
November 1998. As a party to the convention, Tuvalu submitted its Initial National Communication
in 1999 and the last Second National Communication in 2015. Tuvalu parliament ratified the Paris
agreement on 22nd April 2016. Tuvalu submitted their Intended nationally determined contributions
(INDC) to the UNFCCC Secretariat on the 27th of November 2015. Upon ratification, the INDCs with
emission reduction targets has become Nationally Determined Contributions (NDCs). The new
Paris agreement on climate change entered into force on 4th November 2016. The translation of
the agreement into domestic legislation was achieved through the enactment of the Tuvalu Climate
Change Resilience Act in 2019, committing Tuvalu to ambitious action.




Tuvalu's NDC focuses primarily on reducing GHG emissions from the energy sector (specifically
electricity generation and transport) and commits to reduce GHG emissions from the electricity
generation (power) sector by 100 percent, by 2030; Tuvalu's indicative quantified economy-wide target
for a reduction in total emissions of GHGs from the entire sector to 60% below 2010 levels by 2030.
It also aims to pursue Zero carbon development pathway by 2050. These emissions will be further
reduced from the other key sectors, agriculture and waste, conditional upon the necessary technology
and finance.

Tuvalu in efforts to accelerate the implementation of its Nationally Determined Contribution (NDC)
to global climate change mitigation efforts has developed an NDC Implementation Roadmap and
NDC Investment Plan (NDC Roadmap and Plan) for the land transport, maritime transport, and energy
efficiency sectors. However, realization of the targets and visions requires financial support and
assistance from of the international community and donor partners.

4.2. Overview of Climate Change Mitigation

As per the national GHG inventory, in 2021, Tuvalu's total GHG emissions (excluding removals)
was 18.82 Gg CO2e (in comparison to 5.86 Gg CO2e estimated for the year 1994 under the first
national communication and 18.47 Gg CO2e estimated for the year 2014 under the second national
communication). This comprises direct CO2 emission 8.708 Gg, CH4 emission 0.316 Gg and
N20 emissions 0.005 Gg during 2021. The main source of GHG emissions is Energy Sector (47%),
Agriculture sector (45%) and Waste sector (8%). The key GHG emission categories and sub-categories
are Energy Industries (electricity generation), Road Transportation, Water-borne Navigation, Manure
Management, Enteric Fermentation, Wastewater Treatment and Discharge and Direct and Indirect
sources of N20 emissions from managed soils and manure management.

Tuvalu has made negligibly small contribution to the global GHG emissions (excluding removals) and
has very small carbon footprint. The Government of Tuvalu has taken ambitious targets to further
reduce the GHG emissions under the updated NDC. Tuvalu's Updated NDC includes unconditional,
conditional, and aspirational contributions to reduce emissions. The unconditional contribution
includes actions that Tuvalu has already undertaken through renewable energy programs to
significantly reduce its reliance on imported fossil fuels for electricity generation. It will continue to
push for energy conservation, through other measures such as conservation, education and energy
efficiency and other measures, recognizing its extreme vulnerability to the impacts of fossil fuel prices.
International support is crucial to enable Tuvalu to implement further actions outlined in its policies
and plans, including at sector level. For example, the growing emissions in the transport sector needs
to be addressed through technological innovations and transport sector decarbonization strategy. The
goal to pursue a zero-carbon development pathway by 2050 is dependent on availability of finance
and technology.

4.3. Key Mitigation Strategies, Policies and Regulations
4.3.1. Tuvalu's Updated NDC (2022)

The Government of Tuvalu developed its Intended Nationally Determined Contribution (INDC) and
submitted it to the United Nations Framework Convention on Climate Change (UNFCCC) in 2015
and ratified the Paris Agreement on 22 April 2016. When the Paris Agreement came into force on 04
November 2016, Tuvalu's INDC submitted in 2015 automatically became Tuvalu's First NDC.
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In accordance with decision 1/CP.21, Tuvalu hereby communicated Tuvalu's Updated Nationally
Determined Contribution (NDC) in November 2022 under Article 4 of the Paris Agreement.

In this Updated NDC, Tuvalu hereby communicates to the UNFCCC:

An update to its existing NDC pursuant to Article 4.11 of the Paris Agreement that includes:

. Tuvalu commits to the reduction of greenhouse gas (GHG) emissions from the electricity (power)
sector by 100%, i.e., almost zero emissions by 2030.

. Increase energy efficiency in Funafuti by 30%.

. Tuvalu's indicative quantified economy-wide target to reduce total GHG emissions from the
entire energy sector to 60% below 2010 levels by 2030.

. Zero carbon development pathway by 2050

4.3.2. Tuvalu's NDC Implementation Roadmap and Investment
Plan

The NDC Roadmap and Plan sets out practical steps for the GoT to successfully implement the
projects in the pipeline and is also intended to help generate interest from potential implementation
partners, including donors and private investors, for implementing the pipeline of projects.

This NDC Roadmap and Plan identifies six GHG mitigation opportunities—two in the land transport
sector, two in the maritime transport sector, and two in the electricity energy efficiency sector.
Implementation of GHG mitigation projects in the pipeline will occur between 2022 and 2030. The two
projects in each sector can be implemented at the same time.

The NDC Roadmap and Plan comprises two key strategic documents:

. An Implementation Roadmap, including information about Tuvalu's specific context, such as
Tuvalu's GHG emissions profile, targets in Tuvalu's First NDC, as well as information about the
priority sectors and institutional capacity. The roadmap also includes an implementation plan,
which details a strategy for preparing and procuring projects and monitoring implementation.

. An Investment Plan, which includes a project pipeline of promising GHG mitigation projects
across Tuvalu's priority sectors, outlining potential emissions reductions, costs, co-benefits,
capacity requirements, and potential to attract funding. It also shows funding and financing
requirements for projects, supporting measures that may need to be put in place to attract
finance, and environmental and social considerations.

The NDC Roadmap and Plan sets out practical steps for the GoT to successfully implement the
projects in the pipeline and is also intended to help generate interest from potential implementation
partners, including donors and private investors, for implementing the pipeline of projects. The details
the GHG mitigation pipeline projects for each sector, along with indicative investments needs to 2030,
the annual GHG mitigation potential in 2030, and the cumulative GHG mitigation potential by 2030 is
discussed in detail in following sections of the report.

In nutshell, these opportunities have the potential to reduce 9.258 Gg CO2e GHG emissions by 2030,
with an annual GHG mitigation potential of 1.777 Gg CO2e once projects are implemented. The
opportunities are estimated to have an investment need of US$19,850,000 by 2030. Furthermore,
annexure 13, outlines the existing projects or initiatives (either in development or recently implemented)
identified in the NDC IR&IP to reduce GHG emissions the priority sectors.




4.3.3. National Climate Change Policy (2021-2030)

This National Climate Change Policy 2020-2030, Te Vaka Fenua o Tuvalu, has been developed to
respond to the needs of Tuvalu people. The policy advances national priorities set out in the National
Strategy for Sustainable Development 2021-2030 Te Kete, some of which contribute towards
addressing regional and international commitments on climate change. The policy draws on evidence
and findings from numerous assessments, including the review of the previous climate change policy
and its strategic plan of action in 2016 and the nation-wide consultations on the initial framework for
this policy in 2018. The National Advisory Council on Climate Change (NACCC) played an important
role in both processes by providing strategic guidance and technical advice to the Climate Change
Department (CCD).

Policy Vision: A strong and resilient Tuvalu that protects the identity, culture and existence of our
people and meets our commitment to environmental sustainability.

Policy Goal: To protect Tuvalu from the impacts of climate change through bold and decisive actions
that strengthen the resilience of our people and natural ecosystems to climate change risks by 2030.
Policy Outcomes: There are three priority outcomes of the policy, total of 12 objectives and 40 priority
actions.

1. Strengthened access to climate finance and strategic partnerships (2 objectives and 7 priority
actions).

2. Reduced vulnerability to climate change impacts through enhanced resilience (8 objectives and
26 priority actions); and

3. Managed human mobility and protection of national sovereignty (2 objectives and 7 priority
actions).

4.3.4. National Strategy for Sustainable Development 2021-2030
Tuvalu has a 10-year National Strategy for Sustainable Development- ‘Te Kete' (2021-2030). It was
released in 2021 to replace the previous Te Kakeega Il and Te Kakeega Ill National Strategies. Te
Kete, which in both Tuvaluan and Te reo Maori translates as a basket, symbolises the storage and
preservation of traditional knowledge that can be drawn on to support daily needs and well-being
at the same time as building a resilient future. It presents the vision of a peaceful, resilient, and
prosperous Tuvalu.

Te Kete includes five strategic priority areas: the enabling environment for sustainable development;
economic development; social development and inclusion; islands and culture; and infrastructure
development. These five strategic areas include 20 national outcomes (NOs) and 89 key strategic
actions (KSAs). All programs will be aligned to the national vision, goals, and policy objectives in order
to realize noble results.

Out of 20 national outcomes, the following outcomes are identified as they appear linked to the
increase of greenhouse gas (GHG) emissions over the short term.

. National Outcome 7 — increasing fisheries contribution to socio-economic development and
quality of life is likely to increase GHG emissions from Tuvalu's maritime sub-sector.




. National Outcome 8 — increasing agricultural productivity, particularly through increasing local
food production, including crops and livestock, may increase GHG emission from Tuvalu's
agriculture sector.

. National Outcome 17 — developing and implementing resilient housing and upgrading national
building facilities may increase GHG emissions from Tuvalu's energy sector temporarily.

. National Outcome 18 — improving shipping, networking, and harbor facilities may increase GHG
emissions across the energy sector and sub-sectors.

. National Outcome 20 — access to clean water and sanitation may require additional energy as
well, which could also be associated with increase in emissions.

4.3.5. Tuvalu National Energy Policy (TNEP) (2009-2023)

The Tuvalu National Energy Policy Framework was published in 2009 to set out the Government's
policies for the planning and management of the energy sector over the period 2009-2023.

Vision "By the year 2020 guided by the principles in the “Te Kakeega II" and the “Malefatunga
Declaration”, Tuvalu shall attain a prosperous living standard that is fostered through an energy
policy that promotes the provision of socially, financially, economically, technically, politically and
environmentally sustainable energy systems and within the framework of the Tuvalu Initial National
Communication under the United Nations Framework on Climate Change (Oct 1999)"

Goal: To improve the well-being of the Tuvalu people by promoting the use of its renewable energy
resources and implementing cost effective, equitable, reliable, accessible, affordable, secure and
environmentally sustainable energy systems

The Policy identifies three main energy policy considerations:

- Adequate, secure, and cost-effective supply.

- Efficient utilization to avoid wasteful or non-productive energy consumption.

- Minimizing the negative impacts of energy production, transport, conversion, utilization and
consumption on the environment.

The TNEP is developed with six guiding principles namely: sustainability, gender equity, environment
compatibility, stakeholder participation, good governance, and cultural and traditional compatibility.
The policy is divided into seven key areas:

1. Energy Sector Planning, Coordination, and Management
2. Petroleum

3. Transport

4. Electricity

5. Renewable Energy

6. Conservation and Efficiency

7. Environment




Tuvalu's 2009 National Energy Policy set a national target of 100% renewable energy for power
generation by 2025. To achieve this goal it suggests, among other strategies, reviving a national solar
energy company that ceased operations due to management issues and calls for energy efficiency
measures in all sectors. The policy also aims to reduce dependence on petroleum products by
encouraging fuel conservation and actively searching for alternatives.

4.3.6. Enetise Tutumau 2012-2020 Master Plan for Renewable
Electricity

The Government of Tuvalu (GoT) published and endorsed Enetise Tutumau 2012-2020 Master
Plan for Renewable Electricity and Energy Efficiency in February 2013. It provides the framework
for developments in the energy sector in Tuvalu. The Master Plan set a target for electricity to be
100% from renewable energy by 2020 (subsequently revised to 2025) and for energy efficiency to be
increased by 30%.

The Master Plan is also linked to Te Kakeega Il the National Strategy for Sustainable Development
(2005-2015), Te Kaniva the National Climate Change Policy (2012), the National Strategic Action Plan
for Climate Change and Disaster Risk Management (2012-2016) and the Tuvalu National Energy Policy
(2009).

As per the Master Plan, the priorities for the electricity sector in Tuvalu are:

a. To provide a reliable and affordable electricity supply to all the people of Tuvalu.

b. To safeguard Tuvalu from future diesel price shocks.

c. To improve the efficiency of electricity utilization and further reduce the already low energy
consumption per person and per GDP; and

d. To reduce Tuvalu's “carbon footprint” and become an international role model with regard to
climate change mitigation.

As a first step in a path towards 100% renewable energy, the Government of Tuvalu set two goals:

1. To generate electricity using 100% renewable energy by 2025
2. To increase energy efficiency by 30% on Funafuti and later in the Outer Islands.

The Master Plan provided a framework for the achievement of these goals which it estimated would
require a total renewable electricity generation capacity of 6 MW involving a capital investment of
AS$52 million (in 2012 dollars).

The key elements of the renewable electricity programme were:

1. Development of renewable electricity generation supplemented with batteries initially on the
Outer Islands.

2. The provision of additional renewable electricity generation capacity on Funafuti.

3. The implementation of an energy efficiency programme on Funafuti initially followed by a
programme on the Outer Islands.

4. Conversion of supplementary generation from diesel to bio-diesel fuel




Assessing the programme in 2019, element 1 is almost complete, with all outer islands now based
on hybrid solar/battery/diesel power systems, with many of the islands operating for long periods
without any diesel generator usage. With the completion of element 1, element 2 is now ready to be
implemented.

There are several other national and sectoral strategies, plans, and policies that are relevant to climate
change mitigation efforts in Tuvalu, are detailed in Table 4.1.

Table 4.1: National Strategic/ Policy/ Legislative Framework related to Climate Change Mitigation

Document title

Te Kakeega lll, Tuvalu’s National TKIllI aims to align Tuvalu's development plans and
Strategy for Sustainable strategies with the UN Sustainable Development Goals. TK
Development 2016-2020 (TKIII) Il highlights priority areas as climate change, environment,
(2016) migration and urbanization, and oceans and seas.

Infrastructure Strategy and This plan provides a country-led and prioritised investment
Investment Plan 2016-2025 (TISIP)  plan for Tuvalu’s economic infrastructure between 2016-
(2017) 2025. It identifies the investment needs and priorities for

economic infrastructure and asses the financial resources
essential to support implementation. It covers multiple
sectors, including maritime transport, land transport, water
and sanitation, waste management, energy, and coastal

protection.
Infrastructure Strategy and This Plan identifies twelve strategic areas for policy
Investment Plan 2016-2020 (TISIP) development, including climate change, infrastructure, and
(2016) support services (which includes energy and renewable
energy, maritime transport, and roads).
Tuvalu’s Nationally Determined This document is Tuvalu’s committed contribution under the
Contribution (NDC) (2015) Paris Agreement of the United Nations Framework

Convention on Climate Change (UNFCCC). The mitigation
component of the NDC focuses on the broader energy
sector (specifically power and transport) and the maritime
and coastal sector.

Second National Communication to = This document provides information on the progress made
the UNFCCC (SNC) (2015) by Tuvalu in implementing the United Nations Framework




Document title Description
Convention on Climate Change (UNFCCC) and includes
the national inventory of anthropogenic GHG emissions.

Recovery and Vulnerability This document addresses the investment needs to recover

Reduction Plan (2015) from Tropical Cyclone Pam and outlines long-term
infrastructure rehabilitation needs.

Te Vaka Fenua o Tuvalu: Tuvalu This policy advances Tuvalu’s national priorities set out in

National Climate Change Policy the National Strategy for Sustainable Development 2021-

2021-2030 2030 Te Kete, some of which contribute towards

addressing regional and international commitments on
climate change. The policy draws on evidence and findings
from numerous assessments, including the review of the
previous climate change policy and its strategic plan of
action in 2016 and the nation-wide consultations on the
initial framework for this policy in 2018. This policy is
developed in accordance with Section 21 of the Tuvalu
Climate Change Resilience Act 2019 and it replaces all
prior government policies on climate change.

The National Strategic Action Plan  This document provides a prioritised programme of action
(NSAP) 2012-2016 for the GoT to implement, in collaboration with the private
sector and wider society, between 2012-2016.

Climate Change Resilience Act This Act lays down rules to strengthen the legal and policy

2019 frameworks for climate change resilience in line with the
agreements related to climate change; promote low carbon
development; establish effective governance structures for
the implementation of sound climate change policies and
coordination of climate change actions; and promote public
awareness and involvement in climate change issues.

Traffic Act 2008 This Act provides for the control of traffic and licensing of
motor vehicles, bicycles, and drivers.

Police Powers and Duties Act 2009  This Act provides for the powers and responsibilities of the
Tuvalu Police Force, including for vehicle and traffic
offences

Tuvalu Merchant Shipping Act 2008 This Act provides for the registration of ships, the control
and regulation of merchant shopping, and qualification of
sailors.

Tuvalu Marine Pollution Act 2008 This Act provides for preventing and dealing with pollution
of the sea, the prevention of marine pollution, and the
protection of the marine environment.

Energy Efficiency Act 2016 This Act promotes energy efficiency and legislates control
of the importation, use and scale of inefficient electrical
appliances.

Renewable Electricity and Energy This is the GoT’s plan to develop renewable energy and
Efficiency Master Plan (2012) energy efficiency. The strategy’s goal is to convert Tuvalu’s
electricity generation from 100 percent diesel to 100

e |4 e s e e o e o s




Document title Description

percent renewable, particularly focusing on solar and wind
generation and demand management and grid stability.

National Energy Policy 2009-2023 This policy identifies strategic areas (including petroleum,

Tuvalu (2009) renewable energy and energy efficiency, transport, and
environment) where action is required to achieve the overall
goal of promoting the use of renewable energy and
ensuring Tuvaluans have cost effective, reliable,
accessible, secure, and environmentally sustainable
energy.

Waste sector

The Integrated Water and This Policy is developed as a response to recent water

Sanitation Policy 2012 — 2021 crises, and to ensure together we stand ready for future
challenges. The purpose of the WSP is to ensure that the
people of Tuvalu have continued access to safe, reliable,
affordable, and sustainable water and sanitation facilities

4.4. Climate Change Mitigation Sectoral Analysis/Mitigation
Analysis by Sector

In Tuvalu, the main sectors involved in implementing the national mitigation priorities are the Energy,
AFOLU, Waste. Greenhouse Gas Inventories conducted in 1994, 2014 and 2021 highlights Tuvalu's
GHG emission inventory in line with the UNFCCC reporting guidelines. Over the years, Tuvalu's GHG
emissions have increased and is well reflected in the figure 5.2. Energy, AFOLU and Waste sectors
emissions continue to increase over the year whilst there has been a drop of emissions in the Energy
sector towards 2021. The mitigation analysis by sectors is discussed in the following subsection.

4.4.1. Energy Sector

Energy sector is the largest GHG emission contributing sector in Tuvalu. In 2021, the energy sector
emitted 47% of the total national GHG emissions, mainly by fossil fuel combustion activities, comprising
energy industries (63%), transport (31%), and other sectors (46%).

4.4.1.1. Electricity Generation: Renewable Energy

Electricity generation accounted for 8.77 Gg CO2e (i.e., approximately 29%) of the total national
emissions, and 63% of the energy sector emissions indicating that electricity generation is the largest
fossil fuel consumer and GHG emitter within the ‘Energy Sector'. Electricity generation is heavily reliant
on diesel fuel, which has a high cost and also exposes the states to energy security risk including
fuel price volatility. Tariffs are largely insufficient to recover current operating costs and there is no
provision for capital works or unexpected maintenance. As of 2020, the total installed generation
capacity in Funafuti is 2,550 kW, of which 1,800 kW (74%) is diesel. Off-grid generators and solar
PV installations make up the additional electricity capacity. The outer islands of Tuvalu are already
generating 80% to 90% of their electricity from renewable sources. Diesel is used for the remaining
10% to 20% of generation on these outer islands38. This is because demand is high so solar PV panels
alone cannot meet the demand, so diesel generators are being used.




The Government of Tuvalu (GoT) endorsed Enetise Tutumau 2012-2020 Master Plan for Renewable
Electricity and Energy Efficiency that provides the framework for developments in the energy sector in
Tuvalu. Enetise Tutumau was published and endorsed by the Government of Tuvalu in February 2013.
The Master Plan set a target for electricity to be 100% from renewable energy by 2020 (subsequently
revised to 2025) and for energy efficiency to be increased by 30%. Accordingly, the Government of
Tuvalu set a target of 100% renewable electricity generation by 2025 in its INDC. However, considering
Tuvalu's national circumstances, the timeline has been changed to 2030 in the updated NDC. The GoT
is committed to increasing the use of renewables for electricity generation to strengthen Tuvalu's
energy security, particularly on the country's main island of Funafuti.

The Tuvalu Electricity Corporation (TEC) is solely responsible for the generation and distribution of
electricity in Tuvalu. There are no independent power producers (IPPs), and the current legislative
framework does not allow generation by entities other than TEC. TEC provides 24-hour electricity
supply to eight of Tuvalu's nine islands via electricity grids. The electricity demand in Tuvalu is demand
of expected to reach 11740 MWh by 2030 increasing from 8736 MWh in 2020 (35% increase during
2020-2030). It is assumed that there will be no increase in the consumer base with electrification rates
already close to 100%. Further, an average growth rate of 3% in electricity demand is assumed and it is
in line with the previous studies®.

Figure 4.1: Electricity demand projection in Tuvalu: 2021-2030
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Source: Forecast demand based on the Funafuti Roadmap

% ADB (2019), Tuvalu: Funafuti Road Map. https://www.adb.org/sites/default/files/linked-
documents/49450-015-sd-04.pdf
% Tuvalu - Funafuti Road Map (2019), https://www.adb.org/sites/default/files/linked-
documents/49450-015-sd-04.pdf




In 2023, the penetration level of renewable energy through solar power was approximately 19%
highlighting that there is still significant progress needed to reach the established targets. There are
some recent pipeline projects by the donor community, which will significantly increase the penetration
level to a higher level.

Tuvalu, with funding from New Zealand's Ministry of Foreign Affairs and Trade, is developing a new
solar PV plant (with battery storage) in Funafuti. The US$6 million project will include 770 kW of Solar
PV and at least 1 MWh of battery storage. The plant will help replace diesel on the island, where about
85 percent of electricity is currently generated from diesel. The plant was expected to be completed by
the end of 2020 but has been delayed due to COVID-19 travel restrictions and are expected to complete
by the end of 2023.

In addition, two large renewable energy projects, funded by the World Bank and the Asian Development
Bank (ADB), will see the installation of an additional 2 MW of solar PV, 2 MWh of battery storage.
Following the completion of these projects, Funafuti is expected to achieve a renewable energy
contribution of approximately 90 percent. This will mean that nationwide, Tuvalu will generate
approximately 90 percent of its electricity through renewable sources. This project is expected to be
completed in 2024.

A list of existing, recently completed and pipeline RE project is attached in annexure 15.

The existing Fongafale power system on Funafuti Island consists of the following major components:

. 3 x 600kW diesel generation at TEC, with SMA ‘fuel saver' control system
. 735 kWp of installed, operational solar PV capacity.

Table 4.2: Details of list of World bank and Asian Development bank projects

Project Title Tuvalu Energy Sector Development Project

Donor World Bank

Project Site Fongafale, Funafuti

Activities 700kW solar PV and 1MW/2MWh

Operational 2024

Project Title Increasing Access to Renewable Energy (Phase 1)

Donor Asian Development bank

Project Site Fongafale, Funafuti and solar PV for Outer Islands of Nukulaelae, Nukufetau and Nui
Activities 500kW solar PV and 1MW/3MWh and 224kW for Outer Islands

Operational 2023

The Tuvalu- Funafuti Road Map report of 2019 details the Funafuti Road Map to 100% Renewable
Energy as part of the Tuvalu Renewable Energy Project. The main island of Funafuti constitutes most
of the electrical demand for the country, with the outer islands already on the way towards 100%
renewable energy. To achieve a 100% renewable contribution for Funafuti by 2025 would require 7.6
MW of solar PV and 3 MW / 14 MWh of battery energy storage*. Funding for the World Bank project
and Stage 1 (by ADB) are assumed to be locked in.
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Funding for Stages 2 and 3 are unfunded and it is estimated would require cumulative capital of
US$21.1m. The Table 4.3 presents the summary of existing as well as solar expansion options for
Funafuti.

Table 4.3: Summary solar expansion options for Funafuti

Road Map Stages PV Site Cumulative
System
capacity

Existing Government building 130 735

Hospital 75
Media building 40
Government main warehouse 75
Public works department 65
TEC power station 350
World Bank Project World Bank solar site 700 1,485
{I-\DB Project, Stage Government building rooftops 500 1,985
Road Map Stage 2 FassNet wetlands pilot floating solar project 100 4,385
Other Government controlled buildings or land 580
QE |l Park rooftop and raised framing structures 1,720

Road Map Stage 3 Floating solar in Funafuti Lagoon 2000+ 7,635
Other government-controlled land 500+
Non-government organisations rooftops or land 500+

Raised fixed structure (roads or alternative sites) 750+

Non-Government organisation building rooftops 500+

Solar resource

Tuvalu's solar resource potential has been proven sufficient to reliably power solar home systems. The
resource in central areas is estimated to provide about 5.5 kWh/m2/day, with the values being higher to
the north and lower to the south of the country. The solar resource map shown in Figure 5.4, provides a
summary of the estimated solar energy available for power generation and other energy applications.
It represents the daily/yearly sum of global horizontal irradiation (GHI) covering a period of 12 recent
years (2007-2018). GHI is the most important parameter for energy yield calculation and performance
assessment of flat-plate photovoltaic (PV) technologies. Due to Tuvalu's land constraints, the use of
existing building structures to mount solar PV panels has benefits in terms of saving the additional
use of scarce land.

40 Apart from the World bank and ADB project addition of 3,300 kWp of solar PV and 1000 kW / 11,000
kWh BESS will be required in Roadmap Stage 3 to achieve 100% RE target by 2025.
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However, structures must be proven to be structurally sound for their safe and reliable use as
foundations for the solar panel. Solar thermal energy is not considered economically viable due to the
limited land space and scale that can be achieved in Tuvalu.

Figure 4.2: Global Horizontal Irradiation (GHI)- Tuvalu®'
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Wind resource

A 29 m wind monitoring mast was installed on Funafuti in May 2007 and collected measurements at
heights of 20 m and 29.2 m until March 2010 - a period of 2.6 years. The mast was located at the rear
of the TEC compound on the coastal side. Two reports, Ecology Management ApS Randers42 [11] in
2010 and GL Garrad Hassan43 in 2013 have assessed the wind resource in Funafuti previously, with
a modest assessment of potential locations for wind turbines in Funafuti. Neither report could be
considered to be of a feasibility level with no assessment of available land or environmental issues
(including noise impacts).

The inclusion of wind power is likely to be complementary to solar PV, however is likely seasonal due
to the trade winds, with long periods of the year when the wind barely blows.

Biofuels

Biofuels may present a clean and cheap contribution to the energy mix in Tuvalu, either complementing
traditional fuel or as a replacement. Several biofuel sources are commonly used however for Tuvalu
the local resource availability would be the determining factor.

Coconut Oil Biofuel

Coconut oil has been widely used as a biofuel in equatorial areas as it is often available locally, can
be produced with relative ease, has low raw material costs and is more environmentally sustainable.
For diesel engines there are three main applications:

4 Funafuti Wind Energy Report, 30 January 2013, GL Garrad Hassan

42 Tuvalu Wind Power Development Wind Study and Feasibility Report, May 2010, Ecology Management
Aps

43 Funafuti Wind Energy Report, 30 January 2013, GL Garrad Hassan
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. an additive to petroleum diesel
. the primary biodiesel ingredient
. a full petroleum diesel substitute.

To use in engines in its raw form requires either engine fuel system adaptions or usage at low blend
ratios. Production of biodiesel requires a chemical facility and addition of methanol, with associated
cost.

Tuvalu does not have a substantial local Copra (coconut meat) oil industry at present and the extent of
available resources is unclear. While it is estimated that the coconut supply on Funafuti would be low
due to available land area, other islands in Tuvalu with larger areas of available land and established
trees may have the capacity to provide a useful resource. Cost per coconut and extraction labour costs
specific to Tuvalu have not been examined in detail in this study.

While the substitution of diesel by coconut oil could reduce fuel costs and diversify fuel sources,
significant investment in mechanical extraction plants would likely be required to make this viable in
comparison to alternative options.

Coconut Oil Biofuel Benefits and challenges:

. Decrease in gas emissions and particulate matter.

. A renewable fuel resource.

. Potential for creation of a local industry

. Reduced reliance on foreign fuel imports and price volatility

. High initial infrastructure costs for fuel system adaptions, chemical processing and mechanical
extraction

. Can be cheaper than petroleum diesel, subject to price variations.

Biogas

Pig waste conversion to biogas can be utilised to produce significant amounts of electricity. Initial
capital costs are high for automated systems, however if undertaken in conjunction with initial
development of industrialised pig farming facilities the costs may be offset.

The waste to energy process for a piggery is summarised as:

1. Automated waste collection
2. Texture processing

3. Anaerobic digestion

4. Gas purification

5. Electricity generation

A specific site feasibility study would be required to determine the viability of such a project on
Funafuti or elsewhere in Tuvalu. As of 2019, there were 40 biogas digesters in Niulakita, Nukulaelae,
Nukufetau, Vaitupu, Nui, Niutao and Funafuti under the EU initiative of Adaptation to Climate Change
and Sustainable Energy Community-based Schemes — Tuvalu. In addition, there is a donation from
the Israeli Government consisting of 20 biogas systems currently being tested by the Department of
Agriculture.




Waste to energy

Waste to energy plants take household, industrial and vegetation materials and convert them to energy
through controlled incineration processes. An assessment of the amount, type and value of the waste
material on Funafuti would be required before such a project could proceed.

Waste to energy benefits and challenges:

. Reduced landfill, and subsequent landfill space requirements.
. Depending on content of waste can count towards renewable energy generation.
. An opportunity to reduce diesel generation.

Use of waste oil in fuel mix (offsetting waste oil disposal costs)

. Emission of poisonous and toxic gases

. Biomaterials may otherwise be composted.

. Available waste resource quantities or composition may be insufficient for viability.
. Social/political acceptance of burning materials for energy production.

. Estimated CAPEX cost of around USS$ 5/W is higher than solar PV + BESS.

Ocean thermal energy

Ocean thermal energy conversion utilises water temperature differences between deep water and
shallow water to generate electricity and desalinate water.

Tuvalu is listed as having access to the required ocean thermal resources for this technology in the
ADB wave energy conversion to thermal energy report44, however this report also suggests that
conversion plants for this technology are not financially viable below 50MW. This indicates it would
not be suitable for Funafuti, until smaller scales are commercially viable.

Wave and tidal energy

Tidal energy can be separated into three categories.

1. Tidal range — utilising the height difference between low and high tides with a barrage or

dam to generate electricity (typically low head Kaplan turbine devices). These systems are well
established and have been applied since the late 1960's but require suitable sites and incur high
upfront capital costs.

2. Tidal current — these are technologies that place turbine like devices in the tidal flow streams
(enclosed or open, horizontal or vertical arrangements). These systems are generally still in early
development, although some have been established commercially.

3. Hybrid systems — tidal range technologies incorporating other infrastructure (roadways,
coastal defence infrastructure, water storage reservoirs, pumps, barges, etc.). These systems are
in an early developmental and innovative stage.

An advantage of both tidal range and tidal current energy is that they are highly predictable with daily,
bi-weekly, biannual and even annual cycles over a time span of a number of years.

44 https://www.adb.org/sites/default/files/publication/42517/wave-energy-conversion-ocean-
thermal-energy.pdf




Wave energy systems are weather dependent in the short term and more challenging to predict daily
outputs, although seasonal fluctuations are highly predictable. Another advantage of this technology
with respect to Tuvalu is low land use, most infrastructure is underwater and land requirements are
low.

Wave energy systems are broadly categorized into five types based on their mechanical characteristics:

. Absorbers,

. Attenuators,

. Oscillation water columns,

. Overtopping, and

. Inverted- Pendulum devices.

These emerging technologies mostly remain in developmental and innovative stages with little, large
scale commercial deployment. Of the available wave technologies, few are considered suitable for
Tuvalu. Of the suitable technologies, few are fully developed and available in the commercial market.
A further barrier to ocean energy generation in Tuvalu is the high initial capital cost and ongoing
maintenance requirements.

The Funafuti Lagoon entry/exit tidal channels may be suitable for tidal current systems depending on
flow speeds (for existing tidal stream/current technology, the stream speed needs to be at least 1.5-2
meters per second). Detailed assessments by technology experts and site-specific measurements
would be required to confirm viability.

Open ocean wave resources in Tuvalu are low, typical of equatorial latitudes in the western Pacific as
seen in Figure 4.3. The wave resource estimate for mean wave energy flux of 7.53 kW/m is only just
above the 7 kW/m level considered by the recent SPC report45 as worthy of further investigation. The
costing range estimate for wave energy generation in Funafuti presented in the SPC report is well
above the estimates provided in this road map report for solar PV + BESS. Wave energy costs are likely
to have fallen since the time of the report, however the low available resource relative to other locations
is still likely to make wave energy in Funafuti unattractive for the near future.

Further challenge to deployment of wave generation technologies on the outside of the atolls is the
steep ocean floor drop-offs and depths, limiting opportunities for shallow depth/low-cost anchoring
systems. The ability to service a wave energy conversion device with locally available vessels may
also be a constraint on wave energy in Tuvalu. Custom vessels are typically required for deployment
and recovery.

% Waves and Coasts in the Pacific - Cost analysis of wave energy in the Pacific, 2015, Bosserelle,
Reddy and Kruger




Figure 4.3: Mean annual cycle of wave height and mean wave direction for Funafuti, (image courtesy of
PACCSAP Program report referenced below %)
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4.4.1.2. Transportation- Road transport and Maritime transport
In 2021, GHG emissions from the transport sector are 2.73 Gg CO2e which is about 31% of total CO2e
emissions from the energy sector and 14% of total national GHG emissions (excluding removals. Road
transport sector accounted for 57% of the total GHG emissions from the transport sector followed by
water borne navigation (43%). Transport subsector is the second largest consumer of commercial fuel
energy within the Energy sector in Tuvalu. Connections between the outer islands of Tuvalu and the
main port in Funafuti depend crucially on the maritime sector. The small size of this island nation and
the infertile soil make inhabitants heavily dependent on shipping operations as there are no domestic
aviation services in the country. Funafuti has the only sealed road infrastructure in Tuvalu, with 15.5
kilometers of sealed roads constructed. There are currently no plans to seal roads on the outer islands,
and no bridges exist. Motorcycle numbers have grown rapidly in recent years throughout the country;
Other form of transport is including bicycle is limited.

The Transport sector is identified as one of the key strategic areas for energy security, Electric Vehicle
is the target technology identified for phasing out fossil fuel and minimizing emissions in the sector.
However, reducing GHG emissions from land transport and maritime transport could play an important
part of Tuvalu's goal to reduce total GHG emissions of GHGs from the entire energy sector.

As discussed in earlier sections, Tuvalu's NDC Implementation Roadmap and Plan has identified two
mitigation opportunities each in land transport sector and maritime transport. Jointly these mitigation
opportunities have.

. Potential to reduce emissions by 8.406 Gg CO2e by 2030.
. An annual GHG mitigation potential of 1.283 Gg CO2e in 2030.
. An indicative investment need of US$19,585,000 by 2030.

6 Climate Variability, Extremes and Change in the Western Tropical Pacific: New Science and Updated
Country Reports | Chapter 15 Tuvalu, by Pacific-Australia Climate Change Science and Adaptation
Planning Program, 2014.https://www.pacificclimatechangescience.org/wpcontent/uploads/2014/07/
PACCSAP_CountryReports2014_WEB_140710.pdf
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The detail description of these projects is delineated in the table 4.4.

Table 4.4: Land and Maritime transport mitigation opportunities

Cumulative GHG
emissions emissions
reduction in 2030 reduction by

Indicative Annual GHG

investment needs

Opportunity

to 2030 (US$)

Implementatio
n timeframe

(Gg COze) 2030 (Gg COze)
Land transport

E-bike 0.198

initiative

3,444,000 1.089

Electrification 0.537 2.417
of Tuvalu's
light vehicle

fleet

13,470,000

Maritime transport

Outboard 0.764 3.82
motor

transition

from 2-stroke

petrol

outboards to

4-stroke

Shore

electrical
supply for at
berth vessels

2,619,000

side 50,000 0.144 1.08

4.4.1.3. Energy Efficiency

2022-2030

2022-2030

2022-2030

2022-2024

Tuvalu has introduced the Pacific Appliance Labelling Scheme (PALS) for imported appliances. While

this has resulted in some improvement in the energy efficiency of appliances, it has been difficult to

enforce. The Government of Tuvalu introduced Energy Efficiency Actin 2016. The Act promotes energy

efficiency and legislates control of the import, use, and sale of inefficient electrical appliances. As

discussed earlier, the Government of Tuvalu (GoT) in its updated NDC has set target to increase energy

efficiency by 30% on Funafuti and later in the Outer Islands.

Tuvalu's NDC Implementation Roadmap and Plan has identified two mitigation opportunities which

focus on energy efficiency. These are outlined in Table 4.5. The mitigation opportunities have:

. Potential to reduce GHG emissions by 0.852 Gg CO2e by 2030
. An annual GHG mitigation potential of 0.134 Gg CO2e in 2030
. An indicative investment need of US$265,000 by 2030.

A list of existing, recently completed and pipeline EE project is attached in annexure 15.




Table 4.5: Energy Efficiency mitigation opportunities

Opportunity Indicative Annual GHG Cumulative GHG | Implementa
investment emissions emissions tion
needs to 2030 reduction in reduction by 2030 | timeframe
((VE1) 2030 (Gg COze) (Gg COze)
Energy Efficiency
Retrofitting of major 140,000 0.086 0.516 2022-2026
hotels and
commercial and
government
buildings
Cold storage energy 125,000 0.048 0.336 2023-2030
efficiency
4.4.2. AFOLU Sector

In 2021, Tuvalu's agriculture sector was the second largest GHG emitting sector and accounted for
8.54 Gg CO2e viz about 45% of the total GHG emissions (excluding removals). Tuvalu's Agriculture
is dominated by subsistence agriculture and has traditionally been the preoccupation of Tuvaluan
people and involves the cultivation of trees and crops and raising a limited number of pigs, chickens
and ducks. Crop production is primarily for subsistence, crops comprising coconut, babai (swamp
taro), taro, breadfruit, pandanus, banana, pumpkin, sweet potatoes and pawpaw. Advancing of farming
systems with introduction of exotic food crops and livestock has gradually progressing over the years.
Livestock production in the country is at subsistence level, with pigs and free-range chicken being the
main livestock kept. Pigs is the main livestock raised nationally with 76.4% households owning them.
And for outer islands, the chicken followed by the pigs are the most common type of livestock being
raised by 88.2% and 75.8% households respectively47. Most households at the outer islands keep a
few pigs and a number of local chickens. There is opportunity for some import substitution through
improved livestock management and production. A decisive factor determining increased livestock
production is the cost of animal feed since such feed has to be imported. The 2017 census recorded a
total 27 546 livestock and poultry (chickens and ducks) in Tuvalu in November 201748. This included
10,894 pigs, 15, 443 chickens and 1,209 ducks. When compared with livestock counts reported in the
previous 2012 Census, the number of pigs and poultry all declined. Poultry flock numbers experienced
the largest decline, with chicken numbers decreasing by 20 percent between 2012 and 2017, and duck
numbers experiencing a decline of 34 percent. These reductions were reflective of the reduced number
of poultry households reported in 2017.

4" Tuvalu Population & Housing Mini-Census 2017 Report, Central Statistics Division of the Government
of Tuvalu. Funafuti, Tuvalu. https://stats.gov.tv/census/#81-85-population-and-housing-census

48 Anon. 2021. Tuvalu agriculture and fisheries report: based on the analysis of the 2017 population
and housing census. Tuvalu, Funafuti: Central Statistics Division (CSD) of the Government of Tuvalu.
102 p. https://stats.gov.tv/news/tuvalu-agriculture-and-fisheries-report/
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Tuvalu's mitigation targets and initiatives are limited to Energy sector and the updated NDC does not
include any mitigation targets for AFOLU sector. Moreover, Agriculture was not included in the current
NDC Implementation Roadmap and Investment Plan.

4.4.3. Waste Sector

In 2021, GHG emissions from waste sector were 1.51 Gg CO2e (1.10 Gg CO2e- MSW disposal and 0.41
Gg CO2e- domestic wastewater treatment and discharge) viz about 8% of the total GHG emissions
(excluding removals). Alike AFOLU sector, there are no mitigation initiatives identified for waste sector
and neither thus the updated NDC targets includes any target for this sector.

Tuvalu's Integrated Waste Policy and Action Plan 2017-2026 outlines strategic goals and actions
to support waste management in Tuvalu. These include introducing waste reduction and resource
recovery programmes, improving waste collection services on the outer islands, and creating,
amending, and updating laws, regulations, and policies to support waste reduction49. The Plan also
includes an activity to undertake a baseline survey of existing waste conditions and services and
regular collection of data. Work undertaken by Tuvalu's Department of Waste Management (DWM),
SPREP, and the JPRISM project has improved solid waste collection and the capture of sector data,
such as the amount of solid waste sent to the landfill daily50.

As an atoll island with limited land resources, Tuvalu faces several challenges delivering and expanding
current waste management systems. In addition to land barriers and space restrictions, there are
several complications for a waste management industry in Tuvalu. The private sector is small and has
limited capacity in terms of equipment and other resources. Like many of its neighboring PICs, Tuvalu
is at a critical point, with landfill space close to capacity and limited systems in place for recycling and
recovery of recyclable materials, especially plastics, glass and bulky waste. Most recently, Tuvalu has
implemented a Waste Management Levy and has banned the import of single-use plastic under the
Waste Management (Prohibition on the Importation of Single-Use Plastic) Regulation 2019. These
two regulations, in addition to the litter Waste Management (Littering and Disposal) Regulation 2018,
are set to significantly change the way Tuvalu manages waste. There is one local recycling operator
currently collecting scrap metals across Funafuti.

Recyclable materials that that are not currently being considered through any recycling or recovery
scheme account for almost 30% of the waste stream. Future projects involving recovery of Cardboard
offer the highest savings in landfill and fill space and more than 20%diversion diversion from landfill.

4.5. Projected GHG Emissions in Tuvalu

This section of the report provides projection of Tuvalu's GHG emissions by 2030. Projections of
greenhouse gas emissions and removals (GHG projections) are an estimate of a country's future
greenhouse gas (GHG) emissions based on a set of assumptions about how activities in that country,
that cause those emissions, might change over time.

4 Tuvalu Integrated Waste Policy and Action Plan 2016, https://tuvalu-data.sprep.org/system/files/
Tuvalu%20Integrated%20Waste%20Policy%20%26%20Action%20Plan.pdf

% PRIF (2019), Tuvalu: Waste Audit Report, https://tuvalu-data.sprep.org/system/files/Tuvalu%20
Waste%20Audit%20Report_2019_Final%20v1.1.pdf
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Two scenarios are presented:

c) Baseline Scenario: This scenario presents a business-as-usual projection of Tuvalu GHG
emissions between 2020-2030. It is assumed that emissions will continue to increase with the
current trend and that no GHG abatement measures will be implemented.

d) With Measures Scenario: This scenario is built on the assumption that all of the mitigation
opportunities identified in the previous section is being implemented. It is important to note that
these scenarios do not include emissions and removal from land-use change and forestry.

Figure 4.4: Projected GHG Emissions Reduction Scenarios
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In the BAU scenario, Tuvalu's GHG emissions (excluding removals) is projected to reach 26.58 Gg
CO2e by 2030. This indicates an increase in GHG emissions by about 41% between 2021-2030. The
energy sector will continue to dominate the total GHG emissions (13.13 Gg CO2e viz approx. 50%). This
is followed by Agriculture sector and waste sector respectively.

Under the mitigation scenario i.e. With measures scenario, it is projected that the GHG emissions will
reach to 15.74 Gg CO2e by 2030 indicating a reduction of about 69% compared to the BAU scenario.
The agriculture sector will be the dominant GHG emitting sector, contributing about 75% of the total
GHG emissions. While remaining 25% will come from energy (15%) and waste sector (10%). Under this
scenario it is projected that with the implementation of identified mitigation measures in the energy
sector will reduce the energy sector GHG emissions by 474% compared to the BAU scenario by 2030.

4.6. Climate Finance for mitigation

Financial resources and sound investments are needed to address climate change mitigation activities
in Tuvalu. As discussed in the previous section and also presented in table 4.6, for realization of the
NDC targets the mitigation measures identified will need a funding of about US$ 40.841 million.




Table 4.6: Indicative investment need for climate change mitigation by 2030

Sector Indicative investment need to 2030 (US$)

Renewable Energy 21,000,000
Land transport 16,914,000
Maritime transport 2,671,000
Energy efficiency 256,000

40,841,000

GHG emissions will be further reduced from the other key sectors, agriculture, and waste, conditional
upon necessary technology and finance.

There are three possible sources of funding for mitigation in Tuvalu. The costs of GHG mitigation
projects need to be met in full by money from one or a combination of the following three possible
sources:

. Grants from international donors

. Government funding (from the government's budgets—paid for by taxes or other government
revenue sources)

. User fees from those who benefit from the projects.

In practice, many mitigation projects in Tuvalu will need to be funded using international grant funding.
For NDC projects, finance is likely to come in one of two forms:

. Commercial finance from private lenders (this can sometimes be coupled with credit
enhancements such as credit guarantees or risk-sharing facilities)
. Concessional finance from international donors (these would be in the form of sovereign lending).

Concessional finance includes blended finance. Public and private financial institutions are increasingly
opting to blend investments they make on commercial terms with various types of concessional
support. Concessional support includes advice, funding, or non-grant instruments such as debt
financing, risk mitigation products, or equity investments with expectations of below-market returns.
A potential challenge of financing NDC projects is that some may be too small to warrant engagement
in the complex procurement and approval systems that international financing institutions and
concessional financing institutions have. Tuvalu should think about how individual projects could
be aggregated with other projects across sectors. This will allow organizations to support a single,
coherent programme in Tuvalu or the Pacific more broadly. It will be easier for Tuvalu to get financing
and concessional support for larger programmes of activities covering multiple NDC projects.

The annexure 14 to the report identifies the likely funding sources for meeting the costs of each of
the pipeline projects, states whether finance will be required, and identifies the most appropriate type
of finance. It also indicates the likelihood each project will attract private or donor funding and the
capacity that would be required to implement each project. Moreover, the annexure 16 to the report
presents the list of projects that received climate finance support during the period 2014-2021. In a
nutshell, Tuvalu has received approximately USD 27 million®' from both Bilateral (USD 11 million) and




Multilateral financial institutions, including regional development banks (USD 16 million). Bilateral
funding sources include New- Zealand, EU, UAE, Finland and lItaly. Whereas, Tuvalu has received
funding from multilateral financial institutions like ADB, World Bank and regional organizations and
other sources like SIDS Dock and India UN Partnership Fund.

Table 4.7: Climate Finance support received to Tuvalu for mitigation projects during 2014-2021

Bilateral Amount Currency
New Zealand 6,533,000 NzD
EU 1,857,000 EUR
UAE 4,000,000 uUsb
Finland 18,000 usb
Italy 7,27,000 usbD
Sub-total (USD equivalent) 10,763,880 UsD
Multilateral financial institutions, including regional development banks

World Bank 10,085,000 uUsb
ADB 6,000,000 uUsb
Regional Organisation and Others

SIDS Dock 100,000 AUD
India UN Partnership Fund 213,151 uUsb
Sub-total (USD equivalent) 16,366,151 USD

Total (USD equivalent) 27,130,031 “

Figure 4.5: Climate Finance received for mitigation projects during 2014-2021
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51 Some of the funding secured are not in USD. Hence, they have been converted to USD equivalent
using following conversion factors: 1 AUD= 0.68 USD, 1 NZD= 0.62 USD, 1 EUR= 1.06 USD




4.7. Conclusion

Tuvalu is the world's second lowest-lying country and sea level rise poses a fundamental risk to its
very existence. With the current commitments expressed in the NDCs imply global warming of about
3°C above pre-industrial levels by 2100 it is difficult to be optimistic in terms of conclusions for any
specific country such as Tuvalu. The effective implementation of mitigation measures would require
accessibility, availability and timely provision of financial resource, technology and capacity building
support.




5. Other Information considered relevant to the achievement of
the objectives of the Convention

5.1. Research and Systematic Observations

The Tuvalu Meteorological Service (TMS) serves as Tuvalu's primary meteorological observatory,
tasked with providing weather services to the Tuvalu islands. This meteorological agency was originally
established on Funafuti during the time when Tuvalu was part of the Gilbert and Ellice Islands colony
under the United Kingdom's administration. Today, it operates as a government agency within Tuvalu.
The main observation center is located on Funafuti, while TMS also operates outstations on Nanumea,
Nui, and Niulakita. TMS operates or monitors: 4 synoptic stations, 5 rainfall stations, an upper air
research program, a tide gauge equipped with a Tsunami warning system, a Continuous Global
Positioning System (CGPS) station, a Seismic station (USGS), and 2 Automatic Weather Stations
(AWS). The introduction of these 2 new AWS units will reduce the reliance on existing rainfall stations.
The TMS publishes weather forecasts, warnings as to tropical cyclones (RSMC Nadi advisories &
warnings), weather charts, and weather satellite images on its website. Additionally, the Tuvalu Media
Corporation, which operates the sole radio station in Tuvalu, broadcasts weather forecasts and storm
warnings.

The Meteorological office on Funafuti was established in 1951 under the auspices of the South Pacific
Air Transport Council (SPATC). An upper air observation programme was established in 1960. Following
the dissolution of SPATC in 1979, the Meteorological Service of New Zealand Limited supported the
upper air program until TMS assumed responsibility, with ongoing assistance from the New Zealand
Ministry of Foreign Affairs and Trade (MFAT)/NZAID. TMS collaborates with various meteorological
agencies, including the New Zealand MetService, the Fiji Meteorological Service, the Australian Bureau
of Meteorology, Geoscience Australia, the United States Geological Survey, and the National Weather
Service of the National Oceanic and Atmospheric Administration (NOAA).

5.1.1. Role of the Tuvalu Meteorological Service

The primary objective of the Meteorological programs administered by the TMS is to collect data within
the tropical western Pacific region. This data collection aims to support several key goals, including the
generation of precise weather forecasts, predictions for seasonal and inter-annual climate variations
(such as ENSO forecasts), and a deeper understanding of climate and sea level changes in Tuvalu
and its neighbouring Pacific Islands. It's important to note that Tuvalu is situated in a region prone to
tropical cyclones and ENSO events, making the data it gathers highly significant.

The information gathered by TMS plays a pivotal role in global weather and climate modelling and
forecasting centers. Moreover, it serves as essential data for forecasting tropical cyclones and ENSO
events in the region.

5.1.2. Meteorological programmes
The TMS operates 2 meteorological programmes (surface observation programme and upper air
programme) and hosts other climatological research projects.




1) Surface observations

The TMS carries out ground level observations of various weather elements. This data is shared
with collaborating partners in the World Meteorological Organization - World Weather Watch (WWW),
the Global Climate Observing System (GCOS) and the Global Earth Observation System of Systems
(GEOSS).

The surface observation programme is made up of hourly, three hourly, six hourly and/or daily
observations of various weather elements. Data generated is shared immediately to weather
forecasting centres around the Pacific region and the world, via the Global Telecommunication System
(GTS) along with the other regional agencies that attempt to predict how many tropical cyclones and
severe tropical cyclones will develop within the Southern Pacific, such as the New Zealand's National
Institute of Water & Atmospheric Research (NIWA), Meteorological Services of New Zealand (NZMet)
and Fiji Meteorological Services (FMS).

2) Upper air observations

Originally, the upper air observation programme in Funafuti was split into radar and radiosonde
observations. Although flown together from the same weather balloon, the information obtained for
each observation is quite different.

. The radar observation provides essential wind speed and direction data to provide input only
into the regular global computer models in the UK, US, France, Brazil, China, Japan, South Korea,
Australia and other forecasting centers, but they are also used for local and regional aviation
forecasts and general weather services and information at Regional Specialized Meteorological
Centers (RSMCs) in Nadi, Wellington, Brisbane, Melbourne and Honolulu. This enables more
accurate forecasts to be prepared for Tuvalu and the region.

. Radiosonde observations provide information in addition to the radar — temperature, relative
humidity and air pressure data. They are received at the ground station in Funafuti and quickly
analyzed to give a profile of weather conditions on the ground. They are also used to calculate a
profile of the “condition” or “status” of the atmosphere relative to both the surrounding region and
the “normal” or standard atmosphere. Such comparisons form the basis of analysis and weather
forecasting techniques in global computer and manual models.

The data is shared with Regional Specialized Meteorological Centers (RSMCs) in Nadi, Wellington,
Brisbane, Melbourne and Honolulu. The weather modelling carried out by TMS enables more accurate
forecasts to be prepared for Tuvalu and for the tropical western Pacific. The TMS also publishes daily
weather bulletin, 3-day outlook, severe weather and tropical cyclone warnings. The weather forecasts
and storm warnings are made available on TMS Website (https://tuvmet.tv/) and broadcasted by the
Tuvalu Broadcasting Corporation (TVBC) which operates Radio Tuvalu.

5.1.3. Tropical cyclone prediction

The TMS shares its meteorological observations with regional agencies that work together to predict
the formation of tropical cyclones and severe tropical cyclones in the Southern Pacific. New Zealand's
National Institute of Water & Atmospheric Research (NIWA) and collaborating agencies including the
New Zealand MetService and Pacific Island National Meteorological Services (including the TMS)
issue the “Island Climate Update Tropical Cyclone Outlook” for the Pacific. forecast aims to predict
the number of tropical cyclones and severe tropical cyclones expected to form in the Southern Pacific,
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specifically between 135°E and 120°W, as well as how many of them are going to have potential
impact on individual island nations. The Fiji Meteorological Service, while collaborating with NIWA
and partners, also publishes its own seasonal forecast for the South Pacific basin between 160°E and
120°W. The Australian Bureau of Meteorology's National Climate Centre forecasts how likely it is that
the subregion of the Southern Pacific will see activity above the average.

Other climatological research programmes and projects

The TMS also hosts other scientific and research programmes, which involves the TMS monitoring:

. The tide gauge, which was installed in 1978 by the University of Hawaii.

. The SEAFRAME tide gauge, which is a modern Aqua-trak acoustic gauge installed in 1993
funded by the Australian Government, and it is now supported by the Climate and Ocean Support
Program in the Pacific (COSPPac). This project is conducted in conjunction with Geoscience
Australia (GA), which installed a Continuous Global Positioning System (CGPS) station at the
TMS office in 2001. CGPS monitoring the land movement vertically or horizontally with reference
point to the International Terrestrial point.

. TMS has now established climate information services and plans to further extend to ocean
information services. The TMS publishes seasonal climate outlook, Early Action Rainfall Watch,
Climate Summary and Ocean Outlook.

. TMS participates in monthly Ocean Climate Outlook Forum (OCOF) which is a discussion among
fifteen Pacific Island National Meteorological Services (NMS), SPREP, SPC and the Australian
Bureau of Meteorology.

. TMS has now deployed two wave buoys for Funafuti and Vaitupu under the CREWs Project with
support from the SPC. Wave buoys are planned to be deployed for each of the Island of Tuvalu.

. Wave and Inundation Forecasting Tools that was installed by the SPC, to monitor inundation
event.

. CREWS project (Met Bill, Tuvalu Strategic Plan)

User Interface Platform

The TMS conducts National Climate Outlook (NCOF) in the second half of year, before the onset of the
tropical cyclone season. This is usually held after the Pacific Islands Climate Outlook Forum (PICOF),
which is a regional meeting attended by all Pacific national meteorological services including TMS.
A mini NCOF was held in Funafuti in 2018, which was followed by Tuvalu's first NCOF in 2020. Since
then, NCOF2 has been held in Vaitupu (2021) and NCOF3 in Nanumaga (2022). NCOF4 will be held
in Nukulaelae in 2023. Furthermore, TMS also participates in the monthly Ocean Climate Outlook
Forum hosted by SPREP and funded by COSPPac. OCOF is attended by climate officers from 15 Pacific
Islands NMHSs and project partners (the Bureau, SPC and SPREP).

5.1.4. Membership of Meteorological and Geoscience
organizations

TMS participates in the activities of:

. The World Meteorological Organization (WMO)
. The South Pacific Commission (SPC)
. The Secretariat of the Pacific Regional Environment Programme (SPREP)
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. SPC/SPREP/WMO sponsored meetings of Regional Meteorological Service Directors and
Regional Disaster Managers.

. The Pacific Meteorological Council (PMC): is a specialized subsidiary body of SPREP, established
in July 2011 at the 14th Regional Meteorological Services Directors meeting in Majuro, Marshall
Islands on a bi-annual basis to facilitate and coordinate the scientific and technical programme
and activities of the Regional Meteorological Services.

. TMS has established a strong partnership or affiliation with several other global, regional and
agencies.

5.1.5. Identified Gaps and future needs

. Improving service quality and delivery

. More in-country scientific research in support of Climate Change adaptation & mitigation projects
and decision making.

. Strengthening capacity development on weather, climate, and IT database & networking

. Improved protection of life and property - early warning services

. Building and enhancing partnerships and cooperation

. Capacity to maintain high standards of observation instruments, equipment and data backup
system.

. Capability to prepare and deliver high quality early warnings and forecasts of weather, climate
and water related hazards.

. Availability of modern infrastructure and adequate well trained and competent human resources
to gather, process, archive and facilitate the rapid exchange of data and products.
Improve and reliable communication systems & internet connection.

5.2. Information on climate change education, training and public
awareness

The Department of Education, under the Ministry of Education, Youth, and Sport, is responsible
for education and training in Tuvalu. Although there is no specific climate change communication
and education strategy, climate change education and communication are well integrated into
environmental, strategic, and educational planning. Climate change is a prominent focus in the Tuvalu
Education Sector Plan 11l (2016-2020)%.

The Plan states:

Climate Change poses the most serious threat to the security and survival of Tuvalu. The danger of
climate change and the prospect of warming temperatures, sea level rise, and severe weather events
overhang the entire discussion of future development. These dangers — some long-term, some more
immediate — cut across Tuvalu's development landscape. The challenges of climate action and future
climate financing now and in the future are enormous. Urgent actions in response to climate change
impacts are needed both at the local and global level. Education has a central and unavoidable role in
the climate change discussion. (2016, p. 9)

*2TuvaluEducationStrategicPlanll12016-20,https://meys.gov.tv/publication?view=download&fileld=12
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The Tuvalu Education Sector Plan Il (2016-2020) outlines specific responsibilities for curriculum
development to “strengthen Education for Sustainable Development (ESD); mainstream Climate Change
Education and Disaster Risk Reduction into the curriculum; [and] develop and implement relevant
curriculum materials and resources for Climate Change Education and Disaster Risk Reduction” (p. 20).
Sustainability is also identified as a continuing issue for education in Tuvaly, including the challenge
of shifting to an adaptation perspective by preparing students to live sustainably, and to teach them to
act as global citizens in preparation for a time when they may need to live outside of Tuvalu. To monitor
progress, the Plan incorporates a performance indicator to track the implementation of education for
sustainable development units across all sectors of education in Tuvalu.

5.2.1. Climate change in pre-primary, primary, and secondary
education

Several government policies set targets for better integrating climate change education in Tuvalu's
schools and curriculum. One such policy is the National Strategic Action Plan for Climate Change and
Disaster Risk Management (NSAP)53, which outlines specific targets for climate change education,
including: Climate change and disaster risk management information are incorporated into school
curriculum (2.3). The NSAP breaks this down into particular targets, including: breaks this down into
particular targets, including Consult and assess the curriculum in all education levels, with a view
to incorporating climate change and disaster risk management programs (2.3.1). Develop relevant
programmes to strengthen the curriculum with the incorporation of climate change and disaster
risk management materials (2.3.2). Develop relevant student study aids, teachers' teaching aids
and resource material for the Curriculum Resource Development Unit relating to climate change and
disaster risk management (2.3.3). Provide training for the Curriculum Resources Development Unit on
climate change and disaster risk management (2.3.4).

Moreover, programs such as the United Nations Educational, Scientific and Cultural Organization
(UNESCO)'s Climate Change Education for Sustainable Development 2012-2014 assessment
and capacity-building project also seek to increase integration of climate change into the school
curriculum.

The Tuvalu 2021-2030 National Strategy for Sustainable Development's54 Strategic Action 3.11.2 is
to “Implement curriculum reform at all levels of education targeting the key streams imperative to
building the capacity, skills and resilience of Tuvalu" (2021, p. 16).

Other resources, such as the Secretariat of the Pacific Community's Learning About Climate Change
the Pacific Way-Tuvalu (2015)55, have provided valuable context for Tuvaluan teachers to understand
how climate change education can be integrated into the curriculum and share resources for specific
climate change lessons. The main objective of the guide is to “deliver nationally prioritised key
messages relevant to climate change science, the effects of climate change on the Pacific and options

53 Tuvalu National Strategic Action Plan for Climate Change and Disaster Risk Management 2012-
2016, https://faolex.fao.org/docs/pdf/tuv141428.pdf

5 National Strategy for Sustainable Development 2021-2030, https://www.gov.tv/wp-content/
uploads/2022/05/Te-Kete.pdf

% |earning about climate change the Pacific way: a guide for pacific teachers (2015), https://www.
spc.int/sites/default/files/wordpresscontent/wp-content/uploads/2017/01/Tuvalu.compressed.pdf
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to mitigate its causes and to adapt to expected changes”. Furthermore, initiatives like the Child-
Centered Climate Change Adaptation project, carried out by Plan International Australia and the
Foundation for the Peoples of the South Pacific International, have created opportunities for Tuvaluan
school students to learn about climate change and develop their own responses to the challenges they
face, inside and outside the formal education system.

5.2.2. Climate change in higher education

According to the Sixth National Report to the Convention on Biodiversity (2020)56, Tuvalu's higher
education system comprises one small campus of the University of the South Pacific in Funafuti. As a
result, most students leave Tuvalu to engage in higher education.

Tuvalu's Climate Change Resilience Act57 indicates the Department of Climate Change and Disaster's
intention to develop a strategy “to establish and facilitate scholarships for Tuvaluans to study climate
change related issues at tertiary institutions within and outside of Tuvalu" (2019, p. 16).

Some projects also support higher education by offering scholarship programmes. As an example, the
Tuvalu Coastal Adaptation Project (TCAP)58 hosts a scholarship programme, which aims to reduce
the impacts of climate change on the coastal areas of Tuvalu. The program offers scholarships to
Tuvaluan students who want to pursue higher education and research in fields related to climate
change, such as coastal engineering, environmental science, and disaster management. The program
is funded by the Green Climate Fund (GCF)59 and implemented by the United Nations Development
Programme (UNDP) in partnership with the Government of Tuvalu.

5.2.3. Climate change in teacher training

Teacher training is indeed a broader challenge in Tuvaly, affecting various aspects of education,
including climate change education. The National Strategic Action Plan for Climate Change and Disaster
Risk Management recognized this challenge and aimed to address it by developing teachers' teaching
aids and resource material specifically related to climate change and disaster risk management for the
Curriculum Resource Development Unit.

The Learning About Climate Change the Pacific Way-Tuvalu is a climate change education resource
developed in 2015 by the Secretariat of the Pacific Community and Deutsche Gesellschaft fiir
Internationale Zusammenarbeit. It serves as a guide for teachers, offering targeted lesson plans and
curriculum links for climate change education aligned with Tuvalu's curriculum.

% Tuvalu's Sixth National Report to the CBD (2020), https://www.cbd.int/doc/nr/nr-06/tv-nr-06-en.

pdf
57 Climate Change Resilience Act 2019 (Act No. 09 of 2019), https://www.tuvaluclimatechange.gov.tv/

sites/default/files/documents/ClimateChangeResilienceAct2019_1.pdf

% “Scholarships Update.” TCAP. Last modified December 6, 2022. Available at: https://tcap.tv/
news/2022/12/06/scholarships-update

% “Green Climate Fund."” UNDP. Accessed April 14, 2023. Available at: https://www.bing.com/
search?form=SKPBOT&q=Green%20Climate%20Fund%20%28GCF%29
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5.3. Climate change and public awareness

In Tuvalu, public awareness about climate change is emphasized in the country's environmental
laws. For instance, the Environment Protection Act60 states that the Department of Environment will
“promote understanding amongst the people of Tuvalu about the causes and implications of climate
change” (p. 24). Similarly, the Climate Change Resilience Act claims to promote “public awareness and
involvement in climate change issues” (p. 9).

To raise public awareness and understanding of Climate Change, the Climate Change Awareness
Week (CCAW), organised by the CCD is now celebrated in August every year. Public support for climate
change adaptation and mitigation policies is essential to fare better in the wake of natural disaster or
other consequences, but the current extent of public awareness lags behind scientific progress. Lack
of awareness and thus lack of alertness encourages denial and misinformation to spread, and while
governmental planning and policies are a key component of this transition, they are not sufficient in
of themselves. Community awareness and information about the options available to deal with the
consequences of climate change are essential, as is community empowerment. The primary goal of
the CCAW is to promote awareness and raise alertness to ensure effective public participation and
engagement.

In 2023, the theme of CCAW was "1.5°C to ensure survival," representing the vision they aspire to
achieve for the future generations of Tuvalu. CCAW 2023 hoped to mobilise all stakeholders, including
private sectors, island communities, schools, youth, as well as the general public, to recognize the
threats posed by the effects of climate change. Moreover, it aimed to educate on how to mitigate and to
prevent the effects of Climate change. During the week, the CCD conducted various activities including
workshops, a climate market, numerous school visits, youth trainings and tournaments. These events
helped to effectively engage the public about climate change throughout the week. Below are some of
the events organized for the CCAW 2023 each day.

1. Climate market

2. Climate walk & Youth workshop

3. Opening of the CCAW 2023 & Climate Finance workshop
4. Pre-school show & Project awareness

5. School visit & Volley-ball tournament

6. Volley-ball tournament

Further, a center for ecology and environmental education is needed for Tuvalu, a small island nation
who's present and future is affected by the changing climate. Community-based climate change
adaptation has been identified as the most effective strategy for the future of the citizens of Tuvalu.
Tuvalu Climate Action Network (TuCAN), the only climate change NGO in Tuvalu, and Tribal Link, an
NGO in consultative status with the United Nations, New York are partners in building this Eco-Center
on the capital island of Funafuti, Tuvalu. TUCAN intends to compliment the Tuvalu National Adaptation
Plan of Action (NAPA) by developing programme in the Eco-Center that will tackle pertinent issues of
access to fresh water, renewable energy, local food production and composting waste as well as

% Tuvalu Environment Protection Act 2008 Revised Edition CAP. 30.25, https://tuvalu-legislation.tv/
cms/images/LEGISLATION/PRINCIPAL/2008/2008-0002/EnvironmentalProtectionAct_1.pdf




increased awareness about climate change. The Eco-Center is envisioned as a hub of activity,
knowledge, communication, and innovation. As a community gathering place, as well as an ICT hub,
(information communications technology) Tuvalu will be connected to other Pacific islands and the
rest of the world. As an environmental education center, it will be a special place in the community
to access and share online information, creating an activated, dynamic space. The Eco-Center will
incorporate new technology and design strategies that can extend to other small islands in the Pacific,
perhaps becoming best practices.

5.3.1. Public access to information

Under the Climate Change Resilience Act of 2019, Tuvalu shall “promote and cooperate in the
full, open and prompt exchange of relevant scientific, technological, technical, socio-economic
and legal information related to the climate system and climate change, and to the economic and
social consequences of various response strategies” (p. 10). This provision highlights the country's
commitment to enhancing knowledge sharing and collaboration in climate change-related matters,
emphasizing the importance of transparency and accessibility of information to strengthen climate
resilience efforts.

Further, the Climate Change Policy (2021-2030)61 includes strategies to strengthen the capacity of
government and island Kaupule to collect, analyse, manage, store and apply climate and technical
data, traditional and local knowledge, and information on women, youths, people with disabilities and
vulnerable groups (2.1.3, p9). Develop and implement multi-hazard early warning systems (2.1.4, p9).
Produce and disseminate customised and timely meteorological and climate change information to
decision makers, development sectors and communities (2.1.5, p10).

The Climate Change Department is responsible for disseminating climate change information in
Tuvalu. The Department has developed the Tuvalu Climate Change Portal, which aims to:

Enhance accessibility to relevant information on climate change and enable greater understanding on
the role of the Department of Climate Change and Disaster in addressing climate change in the country
by providing specific information that can be used by planners, practitioners and policy makers.

Tuvalu, with support from the Secretariat of the Pacific Regional Environment Programme, has
established an Environmental Data Portal, offering a convenient platform for finding, accessing,
and reusing national data. The primary objective of this portal is to provide easy access and secure
storage for environmental datasets. These datasets are used for monitoring, evaluating, and analyzing
environmental conditions and trends, thereby supporting environmental planning, forecasting, and
reporting at all levels. The department also circulates information to regional and international
partners, such as the Secretariat of the Pacific Community (SPC), the Pacific Environment Resources
Program (PERP), and the United Nations Framework Convention on Climate Change (UNFCCC).

1 National Climate Change Policy 2021-2030, https://www.tuvaluclimatechange.gov.tv/sites/default/
files/documents/Climate%20Change%20Policy_FINAI_0.pdf
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The public in Tuvalu can access information and awareness about climate change through various
channels, such as:

. Radio Tuvalu, which broadcasts news and updates on climate change issues. However, this
service is mainly available to the people in the capital, Funafuti, as some of the outer islands have
limited access to the radio.

. Facebook, which is the most popular and effective social media platform in Tuvalu. Most people
in Tuvalu have regular access to Facebook, so it is used to disseminate information and share
stories on climate change.

. The climate awareness week, which is an annual event that organises various activities to raise
public awareness and disseminate information on climate change. It also showcases the best
practices and achievements of Tuvalu in addressing climate change.

5.4. Training and

In Tuvaluy, the delivery of training through ad-hoc project delivery or general training events has not
resulted in significant long-term sustainable capacity for climate change adaptation and mitigation.
While climate change awareness may have increased, genuine capacity building for adaptation among
communities in the outer islands has not seen substantial improvement. Moreover, the CCD team
also conducts internal training whenever a participant returns back attending regional training or
conferences conducted overseas.

Challenges in Training and Capacity Building:

. Lack of Continuity: Ad-hoc project-based training may lack continuity and follow-up, leading to
limited retention of knowledge and skills over time.

. Limited Resources: Tuvalu's small size and limited financial resources may hinder the
establishment of comprehensive and sustained capacity-building programs.

. Access to Training Opportunities: Outer Island communities may face difficulties in accessing
training events, leading to unequal distribution of capacity-building efforts.

. Tailored Approach: One-size-fits-all training may not effectively address the unique needs and
vulnerabilities of different communities, especially those in remote areas.

. Integration with Local Knowledge: Capacity-building initiatives should consider integrating
traditional knowledge and practices to enhance local adaptive capacity.

. Self-capacity needs assessment: The Self capacity needs assessment was conducted during the
SNC project which helped identify training and capacity building needs. However, this assessment
was not conducted during the TNC project leaving gaps in the identification of capacity building
needs. Therefore, it is essential to complete this assessment prior to upcoming reports/updates.

5.5. Gender and Climate Change

Gender and Climate Change in Tuvalu: Intersecting Vulnerabilities
The unique geography of Tuvalu presents significant challenges in the face of climate change. With
Funafuti being the only urban area, nearly 49% of the female and 51% of the male populations reside
there, creating concentrated vulnerability®2. According to the 2019-2020 Multiple Indicator Cluster
Survey, 18% of households are headed by women, further underscoring gendered vulnerabilities®.
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Coastal flooding and tsunamis pose considerable threats, and Tuvalu is susceptible to extreme
weather events due to its proximity to the coast.

Demographic data reveals disparities in critical areas. Women are underrepresented in the legislature,
constituting just 6.7% of Members of Parliament. An analysis of 11 Tuvaluan organisations in 2021
found women holding 29% of CEO positions and 29% of Director positions on boards. Women's
participation in the workforce is marked by a substantial informal employment rate (49.2% for
females), affecting their economic security. Female-headed households are particularly vulnerable
due to limited access to resources64.

Intersecting identities compounds the impacts of climate change. Older women face mobility and
health issues during disasters. Young women and girls experience early marriage and pregnancy
due to increased disasters, disrupting their education and opportunities. Disabled women encounter
barriers in accessing relief and evacuation. Indigenous women'’s connection to land and culture
heightens vulnerability, potentially leading to the loss of cultural identity.

The gender dynamics in Tuvalu vary depending on the location and the level of development. In
Funafuti, the capital, more women are formally employed, mainly out of necessity due to the high cost
of living65. In the outer islands, where there is more traditional family structure, women are mainly
engaged in subsistence farming and fishing, unpaid domestic work, and handicraft production. Women
in the outer islands also face more barriers to formal employment, education, and decision-making.
Deep-seated gender disparities and intersectionality exacerbate the impacts of climate-related
disasters. The unequal distribution of resources, economic opportunities, and social roles magnifies
vulnerabilities. Inadequate access to healthcare, information, and decision-making processes
hampers preparedness and response efforts. These disparities lead to higher rates of gender-based
violence, increased caregiving burdens, and reduced access to livelihood opportunities.

Addressing these vulnerabilities necessitates a gender-responsive approach to climate action.
Recognising that different identities experience climate change differently, empowering women,
girls, and marginalised groups is pivotal. Providing capacity-building programs, facilitating access
to financial services, and ensuring healthcare during disasters are crucial components of resilience-
building.

52 Government of Tuvalu. (2017). Tuvalu 2017 National Population and Housing Census. Retrieved from
https://www.spc.int/sites/default/files/wordpresscontent/wp-content/uploads/2018/12/Tuvalu-
Census-Report-2017.pdf

5 UNICEF, “Tuvalu Multiple Indicator Cluster Survey 2019-2020, Survey Findings Report,” 2020,
[online]. Available: https://mics.unicef.org/news_entries/202/FINDINGS-FROM-MICS-STRENGTHEN-
TUVALU%E2%80%99S-COMMITMENT-TO-IMPROVE-THE-WELL-BEING-OF-ALL-WOMEN-AND-
CHILDREN

54 UN Women, “UN Women in Tuvalu,” 2022, [online]. Available: https://asiapacific.unwomen.org/sites/
default/files/2022-12/UN_WOMEN_TUVALU.pdf

% The World Bank (2019) Tuvalu: Systematic Country Diagnostic. Available at https://documents].
worldbank.org/curated/en/483761640098029614/pdf/Tuvalu-Systematic-Country-Diagnostic.pdf
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Tuvalu's National Gender Policy®® (2019) and the revised National Strategy for Sustainable
Development (2016-2020) underscore the importance of gender mainstreaming in policies and plans.
These commitments emphasise gender equality in decision-making bodies and highlight the need for
continued sensitisation across communities and government sectors. Fairtrade initiatives targeting
women entrepreneurs and streamlined financial services are steps towards women's economic
empowerment.

Tuvalu has made some progress in advancing gender equality and women's empowerment since 2014.
Some of the milestones include the enactment of the Falekaupule Act®’, which allowed women to vote
and participate in the traditional island councils, the ratification of the Convention on the Elimination
of All Forms of Discrimination against Women (CEDAW)%, which is the main international treaty on
women's human rights, and the launch of the National Gender Policy®®, which focuses on four key
areas to promote women's rights and interests. However, more work remains to be done to address the
persistent gaps and barriers that women and girls face in various aspects of their lives.

Figure 5.1: Commitments to Gender Equality made by Tuvalu through international, regional, and
national instruments via Gender Affairs Department, Tuvalu

1555 1992 1959 000 2012 4 205 016 2

% Government of Tuvalu, “Tuvalu National Gender Policy 2019-2024," 2019, [online]. Available: https://
pacificwomen.org/wp-content/uploads/2020/06/Tuvalu-National-Gender-Policy-2019-2024.pdf

7 Falekaupule Act 2014. Available at: http://tuvalu-legislation.tv/cms/images/LEGISLATION/
AMENDING/2014/2014-0003/FalekaupuleAuthorisationofBudgetAmendmentAct2014.pdf

% Convention on the Elimination of All Forms of Discrimination against Women. Available at: https://

www.ohchr.org/en/instruments-mechanisms/instruments/convention-elimination-all-forms-

discrimination-against-women




Despite progress, challenges persist:

Financial Constraints: Limited funding hinders comprehensive gender-responsive programs. This
is a significant barrier to achieving gender-responsive climate action in Tuvalu. Access to funding
is crucial for implementing gender-responsive initiatives and addressing the unique vulnerabilities
women and girls face.

Cultural Norms: Traditional beliefs may impede gender equality efforts. Cultural norms and beliefs play
a significant role in shaping attitudes towards gender roles and responsibilities. Engaging community
leaders to challenge gender norms and promote cultural sensitivity is essential in advancing gender-
responsive climate action in Tuvalu.

Data Gaps: Lack of sex-disaggregated data limits informed decision-making. Reliable and accurate
data is essential for informed decision-making. Sex-disaggregated data is critical in understanding the
differing impacts of climate change on women and men and identifying vulnerabilities. Strengthening
data collection methods to include sex-disaggregated information is necessary for advancing gender-
responsive climate action in Tuvalu.

Awareness and Training: Public awareness and capacity-building need strengthening. Public
awareness and capacity-building are crucial to advancing gender-responsive climate action in Tuvalu.
Training and awareness programs on gender-responsive climate action can help build capacity and
promote understanding.

To address these challenges, Tuvalu plans to:

Enhance Funding: Seek international support to fund gender-responsive initiatives. Tuvalu recognises
the importance of adequate funding in achieving gender-responsive climate action. Seeking
international aid to fund gender-responsive initiatives is crucial in addressing financial constraints.
Promote Cultural Sensitivity: Engage community leaders to challenge gender norms. Tuvalu
acknowledges the role of cultural norms in impeding gender equality efforts. Engaging community
leaders to promote cultural sensitivity and challenge gender norms is essential in advancing gender-
responsive climate action.

Improve Data Collection: Strengthen data collection methods to include sex-disaggregated
information. Tuvalu recognises the importance of reliable and accurate data in informed decision-
making. Strengthening data collection methods to include sex-disaggregated information is necessary
to advance gender-responsive climate action.

Capacity Building: Conduct training and awareness programs on gender-responsive climate action.
Tuvalu acknowledges the need to build capacity and promote understanding of gender-responsive
climate action. Conducting training and awareness programs can build capacity and encourage
learning.

The intersection of gender and climate change in Tuvalu underscores the pressing need for
comprehensive gender-responsive climate action. Acknowledging the vulnerabilities stemming from
intersecting identities and disparities is critical in devising effective strategies. Tuvalu can build
resilience, mitigate impacts, and achieve sustainable development in the face of climate change by
empowering women, promoting inclusive policies, and addressing barriers.




Change is happening slowly, but surely, in Tuvalu. For instance, in 2019, all political leaders signed
a pledge to end violence against women and girls, as part of the 16 Days of Activism Against
Gender-Based Violence70. This was a significant step in showing their commitment and leadership
in addressing this issue. However, this is not a one-time thing, but a journey of gender and cultural
change that requires continuous efforts and collaboration from all stakeholders.

5.6. Constraints and gaps, and related financial, technical and
capacity needs

As per decision 17/CP.8 on the preparation of national communications, this section presents an
assessment of challenges and related financial, technical and capacity needs associated with the
preparation and improvement of national communications and with the implementation of activities,
measures and programmes envisaged under the Convention. It also describes proposed and/or
implemented activities for overcoming the gaps and constraints. In addition, this section provides
information on financial resources and technical support received by Tuvalu for the implementation
and reporting of climate activities and identifies barriers to further accessing financial support.

5.6.1. Constraints, Gaps and Needs
5.6.1.1. GHG Inventory

The country needs technical and financial resources and capacity building to improve its inventory
compilation system. Financial resources are required improving the data collection and compilation
system. Currently the most limiting of these is the lack of capacity. Data providers and inventory
compilers need training on various aspects of the GHG inventory update process for efficient and
accurate data collection and inventory management. This includes the development of data collection
template, 2006 IPCC guideline methodologies for all four sectors, use of 2006 IPCC software,
estimation of uncertainties in the data collected, Key category analysis (KCA), QA/QC process and
methods, uncertainty analysis. The constraints, gaps, and requirements identified for the national
greenhouse gas (GHG) inventory, which are integral to the national inventory improvement plan (NIIP),
are outlined below.

. Procedural arrangements:

o Data Collection: The activity data collection from the Public and private sectors including
government agencies, ministries, industry, public and private sector, institutions etc. will
be formalized via suitable instrument e.g., legal contracts/ MoUs, MoAs, or other legal
documents. Data Collection Format: The activity data collection format will be designed
and to be shared with the respective data providers and key stakeholders.

0 Tuvalu joins global campaign to end violence against women. Available at: https://pacificwomen.

org/news/tuvalus-16-days-of-activism-against-gender-based-violence/
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o The of Climate Change Department (CCD) will initiate the regulation to formalize the
database management, archives and institutional setup for the data collection and
archiving.

o CCD will establish arrangements for implementing improved QA/QC procedures, manage
and operate the inventory database, and document and archive inventory information
and the operation of the inventory.

o CCD will also identify the efforts required to establish procedures and arrangements
to make data collection, archive a continuous process. Also identify the constraints and
gaps that needs to be overcome for future GHG Inventories.

. Energy sector data: Data on fuel distribution and their consumption in different fuel combustion
activities like electricity generation, transportation, etc. will be obtained from the energy
department and national statistics department for computing emissions using sectoral approach
in the future inventory. Further, data on international waterborne navigation was not available
for this inventory but will be collected for the next inventory by the Energy department in co-
ordination with marine department.

. Livestock Data: Livestock population data has not been collected on regular basis in the country,
which poses challenge for estimating GHG emissions from Agriculture sector. The Ministry of
Local Government & Agriculture will establish mechanism and provisions to collect more detailed
and granular data on livestock species and their population the future inventory.

. Forestry and Other Land Use: Data on land use change and forestry was not available for this
inventory period hence emissions/removals from this sub-sector are not estimated in this
inventory. Data will be collected by Forestry department for the future inventory.

. Waste Sector Data: The waste (Solid waste and wastewater) sector activity data monitoring and
reporting needs to be initiated in urban centres.

. Higher Tier Approach: The CCD will improve the overall data collection, archiving and verification
process for applicable sector and shall improve the quality of data; further improve calculation
approach to higher tier for the key sectors.

. Capacity building and training activities: will be conducted for the stakeholders involved mainly
for monitoring and data collection. Further the stakeholders will be sensitizing on accuracy,
traceability and transparency of data, QA/QC and reporting aspects of national GHG inventory.

. Key Category Analysis: The activity data collection and review process will be improved and higher
tier analysis of GHG from the key categories and sub-categories identified for Tuvalu proposed
for the next inventory. The activity data collection, review process and QA/QC procedure will be
developed and implemented for all the key categories and sub-categories.

. Trend Analysis: The GHG emissions from the previous year will be recalculated for trend analysis,
if there is change in the methodologies used during the reporting period.

. Implementation Integrated Monitoring, Reporting and Verification (MRV Tool) for National GHG
Inventory: CCD will develop, implement and operationalize the web based integrated monitoring,
reporting and verification system for national GHG inventory.

In addition, there is need for technical support, training and tools to be availed in order to;

. Submit transparent, consistent, comparable, complete and accurate GHG inventories,
. Track NDCs (mitigation and adaptation action)




. Track finance support needed and support received
. As well as track SDG goals (both national and global)

In light of this, it will be useful to establish data management systems closely aligning to the NIIP
developed under the TNC. Tuvalu with support from the Secretariat of the Pacific Regional Environment
Programme (SPREP) is developing a greenhouse gas (GHG) data repository. It also envisages to provide
training for local staff is expected to provide training to local staff on how to collect data, populate the
data repository and training on how to extract relevant data for Tuvalu's reporting obligations.

A key consideration will be to develop and implement a monitoring/measuring, reporting and
verification (MRV) system to identify the implementation and progress of climate change strategies
and policies.

5.6.1.2. Mitigation

With the NDC in place, the NDC Implementation Roadmap and NDC Investment Plan (NDC Roadmap
and Plan) provides guidelines for its implementation and achieving the target set out to meet the
country's commitment for the land transport, maritime transport, and energy efficiency sectors.
However, some constraints, gaps and needs exist to implementing GHG mitigation projects in Tuvalu
and are highlighted hereunder.

Budget: Institutions involved in NDC implementation do not have sufficient budget to implement
and manage new projects. It is estimated that a budget of US$ 19.85 million is required for the
implementation of the mitigation measures identified in the NDC Investment Roadmap and
Implementation plan. Further, for decarbonization of the electricity generation and achieving 100% RE
requires an addition budget of US$ 21 million. Without having access to these funding requirements, it
will not be possible to achieve the envisaged NDC target.

Private sector Involvement: Negligible private sector involvement in mitigation projects. Private sector
involvement to implement GHG mitigation opportunities could help with budget constraints.
Institutional Capacity: Institutions involved in NDC implementation do not have sufficient capacity
(including personnel and staff time) to implement projects. Training is the key to this barrier. Training is
also required on preparing tenders and securing suppliers and contractors to implement the projects.
Experience: The staff members of institutions involved in the mitigation sectors lack the experience
and technical skills required to implement, manage, and monitor NDC projects due to new technologies
and regulatory and legislative changes that may need to be introduced. This hampers the smooth and
timely execution of projects. However, the projects included in the pipeline have been designed to
incorporate capacity building programs and technical assistance activities when needed.

Technical expertise: A training and capacity building program is required to assist with the development
of the required physical maintenance, safety and management to maintain the transformed power
system including monitoring and physical testing of solar PV equipment, inverter testing and
replacement, battery system maintenance.

Lack of data: Limited data is available on end usage of fuel, number of vehicles, number of vessels,
their technology and vintage. Without accurate data on demand and current usage, is it challenging
to understand the impacts that infrastructure changes (such as improvements to the road network)
or new vehicle options (such as EVs) would have on the GHG emissions in Tuvalu's land and maritime
transport sector. There is very low capacity for tracking mitigation actions in the country which hinders
the implementation of projects in various aspects. To this end there is a need for developing Database




management system and Capacity building for CCD and relevant data providers (including private
sectors) to collect and provide data related to project progress and implementation.

Data analysis: There is a need of latest/advance data analysis tools and training to analyse data
collected and carry out mitigation projections. This also includes training on types of data, sources of
data, questionnaire design, research skills, data analysis, data entry, basic statistic.

Coordination: Activities in the sector are not well coordinated between ministries, agencies,
development partners, financial entities, private businesses, and individuals. Having an overarching
regulation, policy, or strategy that guides the land transport and maritime sector will help to overcome
this barrier.

Public awareness: Low awareness among Government ministries and the general population of the
environmental benefits and co-benefits of transitioning to low-emissions technologies. Where relevant,
awareness-raising programs have been included as a part of the design of the GHG mitigation project
to demonstrate the capabilities new technologies and encourage their uptake. Awareness-raising
programs will be important to encourage behavioural changes.

Market structure: Market structure constraints can limit the transition to low-emissions and EE
technologies. There are also no incentives in the market, such as tax deduction and low-interest loans
for low-emissions technologies. Although financial incentives have been introduced into the market
to encourage uptake of energy-efficient appliances and other energy-efficient projects, Tuvalu has
experienced limited momentum.

Land scape and land acquisition: Land space is limited and improving existing roads will be challenging.
This constraint is particularly important for NDC projects in the land transport sector, which require
Tuvalu's roads to be in good condition. Further, delay in process of land acquisition affects the project
timeline of various projects.

Review and revision of policy and plans related to mitigation: National energy policy and RE master
plan needs to be reviewed and revised.

Tuvalu could also leverage on following opportunities to overcome some of the constraints, gaps and
needs.

Opportunities

International Carbon Markets: Tuvalu could finance GHG emissions reduction projects by taking part
in international carbon markets. Given the early stages of Article 6 negotiations, possible financing
arrangements under Article 6 have not been included in the NDC Roadmap and Plan. However, this
could be considered as a possible financing solution for Tuvalu in the future.

Access to multilateral funding: Accessing climate finance under various multilateral funding
mechanisms is a challenge, and frequently beyond the scope of Tuvalu's limited administrative
resources and expertise. Multilateral funds for climate change investments and environmental
protection are available under the Green Climate Fund (GCF), the Least Developed Country Fund (LDCF),
the Special Climate Change Fund (SCCF) and the Global Environment Facility (GEF). Accreditation to
these funds is critical to secure direct access. Established institutional arrangements under the Office
of the Prime Minister (OPM) and the Ministry of Foreign Affairs, Trade, Tourism, Environment and
Labour (MFATTEL) can facilitate accessibility to these funds.

Blue carbon: Tuvalu could initiate ocean-based carbon sequestrations activities especially for
nearshore ecosystems such as blue carbon.




Energy Efficiency Strategy & Action Plan: According to United for Efficiency (U4E) Country Savings
Assessment report, Tuvalu has potential to reduce electricity use by over 1.1 GWh and reduce
emissions by over 710 tCO2e by 2040. For realization of this energy and GHG reduction potential,
Tuvalu must explore options like revision the Minimum Energy Performance Standards and its scope
to improve product efficiency in a market, introduce the concept of energy conservation building codes
(ECBC) and green building, Extended Producer Responsibility (EPR) as other important steps to reduce
electricity consumption further. Developing a comprehensive Energy Efficiency Strategy & Action Plan
is recommended.

5.6.1.3. Adaptation

Tuvalu faces various gaps and barriers that hinder its efforts to enhance climate resilience. Addressing
these gaps and barriers is crucial to effectively manage climate change risks and ensure the long-
term sustainability and well-being of Tuvalu's population. Below are some of the constraints, gaps
and needs identified for implementation of adaptation measures within the country and requires be
addressed.

Lack of interest of stakeholders: One of the significant challenges in implementing adaptation
measures in Tuvalu is the lack of interest among various stakeholders.

Lack of finance: Due to their limited financial resources and dependence on external aid, it can be
challenging for Tuvalu to allocate sufficient funds to implement large-scale adaptation measures.
Additionally, accessing international climate finance mechanisms may be complex and time-
consuming, further hindering the implementation of adaptation projects.

Private sector involvement: Private sector involvement in climate change adaptation can be valuable
for providing financial resources to support the implementation of adaptation projects. However, in the
case of Tuvalu, where the economy is small and the private sector is limited in size, getting significant
private sector participation remains a challenge.

Limited access to outer Islands: The geographical dispersion of the outer islands poses a challenge in
accessing and providing essential services, including adaptation measures. The limited transportation
and communication infrastructure between the main atoll and outer islands impedes the distribution
of resources and hinder coordinated adaptation efforts.

Land ownership: Land ownership and tenure systems can also present challenges for implementing
adaptation measures in Tuvalu. Traditional land ownership and the intricate social structure poses
a challenge to establish new infrastructure or relocate communities to safer areas in response to
climate change impacts.

Lack of human capacity and retention of human capacity: The scarcity of human resources and
multiple responsibilities of the stakeholders presents challenges in recruitment, retention and capacity
building of technical officers across various sectors. This situation significantly hampers the progress
of numerous projects, leading to delays. Stakeholders emphasize prioritizing and focusing on one
project at a time to ensure effective management and carrying out assessments. Further, many
educated and skilled individuals seek better opportunities abroad, often in more developed countries.
This exodus of talent can exacerbate the shortage of human capacity in critical sectors, leaving the
nation with a reduced pool of expertise to address adaptation needs.




Staff retention and shifting priorities of employees: Staff retention and shifting priorities of employees
pose significant challenges to climate change adaptation efforts. Tuvalu's small population inherently
limits the pool of available human resources. Skilled professionals, particularly those specialized in
climate change adaptation, can be scarce. When new opportunities arise, employees may choose to
pursue these opportunities within the country or abroad, leading to the loss of experienced and trained
individuals from specific departments or projects. Past major projects on adaptation experienced
significant delays in implementation due to difficulties in recruiting and retaining project staff.
Consequently, retaining and effectively utilizing the existing workforce becomes crucial to ensure
continuity and success in adaptation initiatives.

Low technical capacity in conducting sector-specific climate change and disaster risk analyses:
Technical support and access to tools are required to conduct analyses like risk and vulnerability
assessments, feasibility studies, environmental and social impact assessments, cost-benefit
analyses, gender analyses, etc.

Limited capacity to apprise adaptation options: Tuvalu faces a lack of capacity to appraise adaptation
options, hindering its ability to develop adaptation concept notes and proposals.

Utilization of funds: The utilization of funds is of utmost importance due to the country's limited
financial resources and vulnerability to climate change impacts. However, some of the projects
faces challenges related to inefficient utilization of funds. Proper capacity building and accounting
and reporting mechanisms will help to strategically prioritize the funds to address the most pressing
climate change risks and vulnerabilities and providing stakeholders with clear information about how
resources are being managed.

Insufficient Climate Data: Meteorological stations which are established in selected sites generate
climate/weather data quite well however there are gaps in area coverage and data quality. Local
experts largely depend on downscaled climate projections and scenario analysis to undertake risk
and vulnerability assessments to simulate effective climate adaptation activities. Further, there is also
need of upgrading the existing equipment’s and infrastructure in weather monitoring stations.

Low adoption of climate smart agriculture practices: There are needs for provision of introducing
technologies on climate smart Agriculture (access to modern farming equipment's) and policy that
focuses on preservation of traditional farming practices. Further, training of farmers on scaling up
climate smart agriculture, home gardening, vertical gardening is needed and improving the knowledge
in management / care of climate-resistant varieties / genotypes and agro-technologies (various fields
of agriculture). For livestock's, there is limited availability of veterinary facilities, labs, and clinics. In
status quo, only one veterinary clinic in the country exists and is located on the main island. This
causes challenges for the people living in outer islands to access them. Also, there is a need to improve
knowledge on breeding of domestic animals.

Poor water resources management: There is a requirement for providing access to tank cleaning
equipment's and repairing and maintenance of tanks and gutters. The water tanks installed under
various initiatives and projects lack accessibility for cleaning due to design limitations. Further, there
is a requirement for setting up Water testing laboratories and water standards. Capacity building
and training is required for institutions carrying out water resource assessments e.g., ground water
resources, water catchments rehabilitation as well as staff for water testing enforcement.




Integration of climate change issues into health and tourism sector plans, policies and strategies: Need
for raising awareness amongst the local people and private sector about climate change impact on
health and tourism and increasing public involvement in decision-making. Facilitate the assessment
of health aspects of climate change vulnerability, health impacts and adaptation, including the
assessment of current and expected risks of climate change impacts on the health of the population.
Improvement in current Institutional arrangements to support NAP process: Establishing and
strengthening the linkage between national and subnational planning and decision-making processes
is required to achieve vertical integration of adaptation priorities and actions. Further, enhancing
the link between formal government institutions (i.e., national government and Island Kaupule) and
civil society and faith-based organisations is also paramount to achieve both horizontal and vertical
integration as the small size and population of Tuvalu means that many of the non-governmental
organisations are working in multiple sectors that are sensitive to climate change impacts. There is
also a need to increase dialogue and engagement with the private sector, including micro-, small- and
medium-sized businesses that operate in Funafuti and the outer islands.

Lack of scientific research: There is lack of Tuvalu-specific scientific research to inform adaptation
planning and decision-making. In most cases, research is conducted as part of a larger regional
program or project, with limited budgets and resources allocated for Tuvalu. This presents some
challenges for Tuvalu, including difficulties in accessing research data, as the ownership of the data
may be retained by an external organisation and there is limited potential for the research to be
replicated (or sustained as a longitudinal study).

Information sharing: The culture of information sharing between and within government and non-
governmental organizations is gradually improving. The exchange of information and knowledge is
occurring through personal relationships and social interactions.

Capturing traditional and cultural knowledge: There is a gap in systematically documenting and
capturing traditional and local knowledge of changes in climate and coping strategies used to adapt to
the impacts of climate change. Further, the knowledge possessed by the elder generation on traditional
practices of farming needs to documented and passed on to the younger generation.

5.6.2. GEF, Annex Il Parties, Multilateral/ Bilateral Contributions
With respect to this current Third national Communication (TNC), Tuvalu received financial support
from the GEF through the United Nations Environment Programme (UN Environment) amounting to
USD$500,000. The support has included detailed capacity building provided to the national technical
experts undertaking the studies and preparation of the reports.

Other than providing support for the TNC, GEF, Annex Il parties, bilateral and multilateral institutions
have also financially supported climate change activities in Tuvalu. Tuvalu has received funding from
a wide variety of international sources, including multilateral sources like GEF, GCF, UNDP, UNEP, LDCF,
etc. Bilateral sources like United States Agency for International Development (USAID), European Union
(EV), Australia's Department of Foreign Affairs and Trade (DFAT), New Zealand Ministry of Foreign
Affairs and Trade (MFAT), Government of the Republic of Korea, Japan, Finland, Italy, Germany Republic
of China, etc. Tuvalu has also received funding from various multilateral financial institutions, including
regional development banks and other regional organizations like World Band, Asian Development
bank (ADB), German Development Bank, SPREP and SPC.




During 2014-2022, Tuvalu received approximately USD 107.4 million, of which approx. 21% was from
multilateral sources, 63% from bilateral sources, 14% from Multilateral financial institutions, including
regional development banks and remaining 2% from other regional organizations.

Figure 5.2: Finance received during 2014-2022

Finance Recieved
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This indicates that (at least in recent years) significant resources have been made available from
international sources to support climate change efforts in Tuvalu.

A list of projects that received finance support during 2014-2022 is annexed to the report. Some of the
projects that received climate finance support includes:

. Managing Coastal Aquifers Project (MCAP)

. Integrated Water Resource Management (IWRM)

. Managing Water Scarcity Project

. Water Security Project

. Funafuti Drought Management Plan

. GCCA + Supa Project

. Tuvalu Coastal Adaptation Project (TCAP)

. The Facilitation of the Achievement of Sustainable National Energy Targets of Tuvalu (FASNETT)

5.6.3. Finance needs and gaps

As identified in Chapter 4: Mitigation assessment, for realization of the NDC targets the mitigation
measures will need a funding of about US$ 40.85 million by 2030. Of this estimated budget,
approximately US$S 19.85 million is required for the implementation of the mitigation measures
identified in the NDC Investment Roadmap and Implementation plan. Further, for decarbonization of
the electricity generation and achieving 100% RE requires an addition budget of US$ 21 million.
Further, the Tuvalu Coastal Adaptation Project (TCAP) was developed in response to the urgent national
priority of building coastal resilience. TCAP aims to provide robust coastal protection infrastructure
to the high-value vulnerable coastlines of Nanumaga, Nanumea and Funafuti. It also complements
several earlier initiatives designed to assist in reducing the coastal vulnerability of the country. The
project is funded by the Green Climate Fund grant of USD 36 million and co-financed by the Government




of Tuvalu (USD 2.9 million), with the total cost representing 63.8 percent of 2022 GDP. The project
is being executed by the United Nations Development Program in close collaboration with the
Government of Tuvalu. Currently it is expected to be finalized by 2024.

The Tuvalu government and UNDP are developing the 'Te Lafiga o Tuvalu' (Tuvalu's Refuge) a Long-
Term Adaptation Plan (L-TAP), that presents a new approach to adaptation, and is designed to provide
comprehensive national solutions to sea level rise beyond 2100.

The Government of Tuvalu is continuously taking proactive steps and has been successful in raising
funds from international development partners for projects aimed at climate change mitigation and
adaptation. However, continued international support is crucial to enable Tuvalu to implement further
actions outlined in its policies and plans, including at sector level. Increased international assistance
both technical and financial are required to continue building the resilience and improve vulnerability
of people of Tuvalu, social protection activities for all and expand investment in climate resilient
infrastructure. Further, the goal to pursue a zero-carbon development pathway by 2050 is dependent
on availability of finance and technology. Moreover, given the size of Tuvalu's population and its
capacity (and particularly its public sector) providing a greater scale of funding may not be effective if
it is not accompanied by technical support and capacity building, and may lead to dependency.

5.6.4. List of Projects proposed for financing
The list of some projects proposed for finance support is shown in table 5.1.

Table 5.1: List of projects proposed for financing

List of projects proposed for financing Catego

Tuvalu Long Term Adaptation Plan (L-TAP) Adaptation
Maritime Technology Cooperation Centre in the pacific (MTCC) Mitigation
Review of Energy Policy Mitigation

Health and Climate Change

Climate Change & Migration

GCF Readiness Program

Window Tinting

Tuvalu Renewable Energy Project

Tuvalu Energy Sector Development Project 2015 -2018
Prepayment Meters

Strengthening adaptation against climate variability through increasing
clean water supply and sanitation at Motufoua Secondary School

Climate Resilient Housing Project

Cross-cutting
Cross-cutting
Adaptation
Cross-cutting
Mitigation
Mitigation
Mitigation
Adaptation

Adaptation




5.6.5. Technology

Tuvalu is starting on its TNA process in 2023 as part of the TNA IV project, at which point it will start
deciding its priority sectors and technologies for both mitigation and adaptation.

The project will support Tuvalu's national priorities, including those identified in the National Adaptation
Plan of Action and the country's commitment to the relevant global environmental conventions. The
country's goal to pursue a zero-carbon development pathway by 2050 (as part of Tuvalu's Intended
Nationally Determined Contribution) needs technological innovations and depends on the availability
of finance and technologies. The TNA project will allow Tuvalu to identify priority technologies as well
as what is required to deploy them.

Estimated funding to be received from GEF for TNA project is approximately USD 295,650.
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