DEPARTMENT of
Ei ENVIRONMENT
Antigua and Barbuda

Antigua and Barbuda’s Adaptation
Plan for the Infrastructure and
Housing Sector



e
DEPARTMENT of \g\

RN VIRCNMENT NAP

This publication and all of the information material, data and contents contained herein are for
general informational purposes only, are not presented for purposes of reliance, and do not
constitute risk management advice, legal advice, tax advice, investment advice or any other
form of professional advice. This document is for general discussion and/or guidance only, is
not intended to be relied upon, and action based on or in connection with anything contained
herein should not be taken without first obtaining specific advice from a suitably qualified
professional.

Some information contained in this document may be compiled from third party sources we
consider to be reliable. However, we do not guarantee and are not responsible for the accuracy
of such. Willis Limited accepts no responsibility for the content or quality of any third party
websites or publications to which we refer.

Willis Limited is a UK registered and regulated entity. Accordingly, this document has been
reviewed to comply with financial promotions requirements and guidance as applicable in the
UK only.
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Executive Summary

The islands of Antigua and Barbuda lie 31 miles (50 km) apart in the Eastern Caribbean, where the
Atlantic Ocean meets the Caribbean Sea. Most of the country’s population (approximately 100,000%)
reside on the southern-island Antigua, while an estimated 1,3252 people have re-settled on Barbuda
post-Hurricane Irma (2017). Both islands are rich in biodiversity, history, culture, and beauty, that draws
in over a million tourists per year (2017-2019) and is the main source of the country’s Gross Domestic
Product (GDP).?

Due to their geographic location in the Lesser Antilles, the islands are highly exposed to natural hazards.
Hurricanes, floods, and droughts exacerbated by climate change have caused considerable damage to
the island’s infrastructure and housing sectors. Impacts range from complete destruction to power
systems brought on by hurricane-induced winds and torrential rainfall, to service disruptions brought on
by gradual changes in climate, for example incrementally rising temperatures year-over-year increasing
cooling demand.

As per its Adaptation Communication (AC) to the United Nations Framework Convention on Climate
Change (UNFCCC), the nation is committed to prioritizing resilience-building in key economic sectors.*
Antigua and Barbuda’s Department of Environment (DOE), is the coordinating agency for the Green
Climate Fund (GCF) funded National Adaptation Plan (NAP), consisting of six sector-specific adaptation
plans (SAPs) that aim to enhance adaptive capacity within the nation and contribute to the global goal
on adaptation as defined in the Paris Agreement.®> The sectoral plans in Antigua and Barbuda’s National
Adaptation Plan include food security, tourism, culture and historical sites, wholesale and retail, and

infrastructure and housing.

This SAP details climate risks to the infrastructure and housing sectors, and specifically to four sectors
(roads, housing, wastewater, and energy) and outlines prioritized adaptation measures, reviewed, and
vetted by in-country experts and stakeholders. It includes a financing strategy that proposes potential
sources of finance for adaptation measures and a monitoring and evaluation (M&E) strategy to track
progress towards the implementation of adaptation measures. This SAP delivers a plan that is
scientifically sound and reflects the reality of climate change on the ground, both today and in the future.
As such, the plan is a country-driven and owned policy document, that supports the nation’s priority to

climate-proof infrastructure assets and increase climate resilience.

1 Population projections by age group, annual 1991 to 2026 — Antigua and Barbuda. (2023). Statistics.gov.ag. Available from:
https://statistics.gov.ag/subjects/population-and-demography/population-projections-by-age-group-annual-1991-2026/

2 Antigua and Barbuda Population. (2023). Available from: worldpopulationreview.com/countries/Antigua-and-barbuda-population

3 World Data Info. Available from:, https://www.worlddata.info/america/antigua-barbuda/tourism.php

4 Adaptation Communication for Antigua and Barbuda. (2022). Available from: https://unfccc.int/sites/default/files/ACR/2022-07/ATG%?20-
%20UNFCCC%?20Adaptation%20Communication%20-%202022-06-29%20-%20Final.pdf

5 In 2015, the Paris Agreement established the Global Goal on Adaptation to drive collective action on climate adaptation. It is expected to raise
visibility of adaptation on par with mitigation.

Draft Infrastructure and Housing SAP 1 Wt_w
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Definitions

Adaptive capacity: The ability of ‘a system’ to adjust to potential damage, to take advantage of
opportunities, or to respond to consequences. It also includes resources for coping with impacts and

minimizing damage.®

Backcasting: The process of starting from a desirable goal and working backward to identify strategic

steps of actions necessary to achieve that goal.

Build Back Better: The use of the recovery, rehabilitation, and reconstruction phases after a disaster
to increase the resilience of nations and communities through integrating disaster risk reduction
measures into the restoration of physical infrastructure and societal systems, and into the revitalization

of livelihoods, economies, and the environment.”

Climate Resilience: The ability of ‘a system’ to withstand the impacts of climate change, both from
extreme weather and slow-onset events to be able to maintain operations during such events and swiftly

recover from associated impacts.®

Critical infrastructure: The physical and organizational structures and facilities which provide services

that are essential to the social and economic functioning of a community or society.®

Exposure: The contact between ‘a system’ and the climate. Exposure is external to the system: climate

events impact the system and have an effect.10

Hazard: The potential occurrence of a natural or human-induced physical event or trend that may cause
loss of life, injury, or other health impacts, as well as damage and loss to property, infrastructure,
livelihoods, service provision, ecosystems, and environmental resources.!! In this report, the term
‘hazard’ refers to climate-related physical events or trends or their physical impacts unless stated

otherwise.

Impacts: The observed or potential effect (biophysical and socio-economic) of climate variability and

change on ‘a system’ considering sensitivity, exposure, and adaptive capacity.?

Infrastructure: Infrastructure is wide-ranging and multi-faceted by its functional and qualitative

attributes, and its purpose. It can include hard physical assets or systems, soft (e.g., policies and

6 IPCC (2007). AR4. Available from: https://www.ipcc.ch/report/ard/wgl/

7 UNDRR (n.d.). Build back better. Available from: https://www.undrr.org/terminology/build-back-better

8 C2ES (n.d.) Climate Resilience Portal. Available from: https://www.c2es.org/content/climate-resilience-overview/

9 CISA (n.d.) Infrastructure Security. Available from: https://www.cisa.gov/infrastructure-security

10 IPCC (2001). The Scientific Basis. Available from: https://www.ipcc.ch/report/ar3/wgl/

11 IPCC (2019). Special Report on Climate Change and Land. Available from: https://www.ipcc.ch/srccl/

12 Eco-Intelligent (2019). Exposure, Sensitivity and Adaptive Capacity: Understanding climate change vulnerability. Available from: https://eco-
intelligent.com/

Draft Infrastructure and Housing SAP 2 Wt_w
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standards), social, natural, economic, grey, green, etc., and relate to a diversity of sectors from

education to logistics.3

Ridge to extent of marine space: Integrated approaches to freshwater and coastal area management
emphasizing the inter-connections between the natural and social systems from the mountain ‘ridges’
of volcanic islands, through coastal watersheds and habitats, and across coastal lagoons to the fringing

‘reef’.14

Risk: The potential for consequences where something of value is at stake and where the outcome is
uncertain, recognizing the diversity of values.®

Sensitivity: The degree to which ‘a system’ is affected, either adversely or beneficially, by climate
variability or change. It is ‘typically shaped by natural and/or physical attributes of the system’ but also

‘refers to human activities which affect the physical constitution of a system’.16

Vulnerability: The degree to which ‘a system’ is susceptible to, or unable to cope with, the effects of
climate variability and change. This is established by determining (i) the characteristics of the assets,
institutions, users that make them sensitive/susceptible to the adverse effects of a variable and

changing climate, and (ii) their ability to respond to climate variability and change.’

13 Oxford University Press (2002). The Oxford Essential Dictionary of the U.S. Military. Available from: https://www.oxfordreference.com

14 Association of Reef Keepers (n.d.). Ridge to Reef. Available from: https://www.bviark.org/ridge-to-reef.html

15 Cervest (2022). What is climate risk, and what does it mean for your organisation. Available from: https://cervest.earth

16 World Bank (n.d.). Climate & Disaster Risk Screening Tools. Available from: https://climatescreeningtools.worldbank.org

17 Eco-Intelligent (2019). Exposure, Sensitivity and Adaptive Capacity: Understanding climate change vulnerability. Available from: https://eco-
intelligent.com/
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Caribbean Catastrophe Risk Insurance Facility
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Section 1: Introducing the SAP

1.1 Introduction

Antigua and Barbuda is a twin-island nation® in the Lesser Antigua.and Barbuda

Antilles region of the Eastern Caribbean. Antigua has a land

Atlantic Ocean

area of approximately 108 square miles (281 km?) and is

Caribbean Sea Barbuda

characterized by a predominantly low and undulating terrain,

however in the west volcanic rock formations rise to 1,330 feet

Barbuda

(405 m) at Mount Obama (formerly Boggy Peak).
Approximately a quarter of the country’s population (100,000)
resides in the nation’s capital city, St. John’s located in

Atlantic Ocean

Porter's ope !
Saiat John | 0%09¢

Northwest Antigua.*® saint ohn's ®

Barbuda is a relatively flat coral island with a land area of 62 | «=== = = =I5 o
= mfﬁfw’ Antigua

square miles (161 km?), and the highest elevation of 143 feet

ovrat per—

(44 m) is in the Highlands area (east). Approximately 1,325 o S g ' o

. . . , Figure 1: Map of Antigua (bottom), Barbuda
people® reside in Codrington, Barbuda’s only settlement, (t(?p) and Redf;nda (Umﬁhabi(ted, bot)tom left) in
the Eastern Caribbean. Map not to scale.
Source:  https://ontheworldmap.com/antigua-
and-barbuda/

located on the western side of the lagoon. Codrington Lagoon
is a prominent feature on Barbuda which spans 6.2 miles (10
km) in length and 1.2 miles (2 km) in width and is separated from the Caribbean sea with a narrow
sandbar that can be breached during tropical storms and hurricanes. Barbuda is located approximately
31 miles (50 km) NW of its sister island, Antigua.?

The nation is highly vulnerable to the impacts of extreme events, including hurricanes, floods, storm
surge, and more insidious phenomena such as droughts and erosion. It is among the top five countries
in the world most exposed to several natural hazards (including seismic), with more than 80% of gross
domestic product (GDP) exposed to two or more hazards.2? Disasters often occur in close succession,
impacting various infrastructure sectors (e.g., water supply, power, roads) and housing, and resulting
in costly and lengthy recovery times. Owing to their complex nature and a high degree of
interconnectedness, infrastructure assets are vulnerable to cascading effects where a disruption in one

system (e.g., port, roads, airport) causes disruptions within other systems and processes (e.g., energy

18 The country is technically comprised of three islands; Antigua, Barbuda and Redonda, however the latter island is uninhabited.

19 Niddrie, David Lawrence , Tolson, Richard and Momsen, Janet D.. "Antigua and Barbuda". Encyclopedia Britannica, (2022), Available from:
https://www.britannica.com/place/Antigua-and-Barbuda. Accessed 21 February 2023; Statistics Division. (2023). Population projections by
age group, annual 1991-2026. Antigua and Barbuda Statistics Division, Ministry of Finance and Corporate Governance. Available from:,
https://web.archive.org/web/20220627133401/https://statistics.gov.ag/subjects/population-and-demography/population-projections-by-age-
group-annual-1991-2026/

20 Antigua and Barbuda Population. (2023). Available from: worldpopulationreview.com/countries/Antigua-and-barbuda-population

2 Boger, R., Perdikaris, S., Potter, A.E., Mussington, J., Murphy, R., Thomas, L., Gore, C. and Finch, D., (2014). Water resources and the historic
wells of Barbuda: tradition, heritage and hope for a sustainable future.

22 Road, A., Johns, S., Mullin, P., Cooke, A., & O'marde, D. (2017). Country Document for Disaster Risk Reduction Antigua and Barbuda 2016
Country Document for Disaster Risk Reduction: Antigua and Barbuda, 2016. Available from:
https://www.preventionweb.net/files/54920_annex04drrcdantiguaandbarbuda.pdf
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generation, housing, and water distribution).?® For example, two months after Hurricane Irma (2017)

struck Barbuda, the island had no energy supply, and the hospital could not resume operations.?*

The goal of this Sectoral Adaptation Plan (SAP) is to enhance climate resilience in the infrastructure
and housing sectors by proposing a range of adaptation measures that can be implemented over the
course of the next decade to increase sectoral resilience to current and projected climate impacts and
deliver broader social and environmental benefits to the residents of Antigua and Barbuda. Climate
resilience can be defined as the ability of the infrastructure and housing sectors to withstand
climate change impacts, both from extreme and slow-onset events, and to be able to maintain
operations during such events to swiftly recover from associated impacts. Increasing
infrastructure resilience may require both physical measures (e.g., engineering a drainage system to
manage higher rates of runoff) and soft measures such as processes, procedures, and the institutional

capacity to ensure proper planning and maintenance of infrastructure.

Infrastructure is wide-ranging and multi-faceted by its functional and qualitative attributes, and its
purpose. This SAP examines ‘hard’ (lifeline) infrastructure sectors (e.g., power, water,
telecommunications, utilities, wastewater, roads, hospitals, shelters) as they are critically
vulnerable to the impacts of climate change and are central to the populations’ health, survival,
and well-being. This SAP prioritizes four sectors within infrastructure and housing for analysis;
housing?®, roads, wastewater, and energy, which were identified as both at-risk to future climate impacts
and critical to the nation’s resilience through stakeholder engagement and a critical infrastructure

assessment.

Under a worst-case emissions scenario using the Representative Concentration Pathway (RCP) 8.5,
projections show that by 2030, Antigua and Barbuda’s building stock is expected to incur losses of up
to US $451 million (EC $1218.9 million#) owing to the impacts associated with tropical cyclones (storm
surge and high winds), sea level rise (SLR), and flooding, which could result in additional losses of US
$108 million (EC $291.9 million).?” Gradual changes in precipitation and rising temperatures will
accelerate the deterioration of energy infrastructure and road networks, increasing routine maintenance
and repair costs, and disrupting the lives of citizens. Planning for climate change through appropriate
adaptation measures can enable Antigua and Barbuda to ‘Build Back Better'?, helping to reduce

impacts to infrastructure assets, and allowing for a faster recovery after extreme shocks. Both existing

2 Fisher, M. and C. Gamper (2017), Policy Evaluation Framework on the Governance of Critical Infrastructure Resilience in Latin America,
Washington, D.C., Inter-American Development Bank (IDB)

24 Rienow, A., Schweighéfer, J., Dedring, T., Goebel, M., & Graw, V. (2022). Detecting land use and land cover change on Barbuda before and
after the Hurricane Irma with respect to potential land grabbing: A combined volunteered geographic information and multi sensor approach.
International Journal of Applied Earth Observation and Geoinformation, 108, 102732.

25 Housing refers to new and existing single and multi-story housing units.

26 1 United States Dollar (US $) equals 2.70 East Caribbean Dollar (EC $). Available from: https://www.bloomberg.com/markets/currencies as of

24/02/2023.

27 Adaptation Communication for Antigua and Barbuda. (2022). Available from: https://unfcce.int/sites/default/files/ACR/2022-07/ATG%20-
%20UNFCCC%?20Adaptation%20Communication%20-%202022-06-29%20-%20Final.pdf

28 The use of the recovery, rehabilitation and reconstruction phases after a disaster to increase the resilience of nations and communities through
integrating disaster risk reduction measures into the restoration of physical infrastructure and societal systems, and into the revitalization of
livelihoods, economies, and the environment (United Nations General Assembly, 2016).
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and new infrastructure assets must consider climate changes that are likely to occur over the asset’s

lifetime, and potential adaptation measures, both physical and soft, that can strengthen resilience.

While some adaptation actions may appear costly in the short term, they are overall far more cost-
effective than a ‘do-nothing’ approach. By 2050, the costs of climate inaction in the Caribbean could
rise to US $22 billion (EC $59.5 billion) annually (or 10% of the Caribbean economy), while the identified
costs of mitigation and adaptation in Antigua and Barbuda are estimated to be between US $1 to 1.7
billion (EC $2.7 to 4.6 billion) by 2030. Despite the urgency, funding adaptation remains a challenge
for many reasons. Among them, Antigua and Barbuda’s ‘graduation’ from a low-middle income country
to a high-income country makes the nation ineligible for Official Development Assistance (ODA) despite
having pressing adaptation needs. Additionally, a high national debt-to-GDP ratio and competing
developmental and economic growth priorities make funding adaptation from national budgets
challenging alongside other pressing needs. As more than half of Antigua and Barbuda’s GDP is derived
from tourism (60%), any changes to the global economy (e.g., global economic recessions, global
pandemics, and associated travel restrictions) can significantly impact the nation’s economy, and the
government’s primary revenue stream, reducing capital budgets for adaptation funding. The 2008 global
financial crisis resulted in a 4% tourism decline, the loss of 8,000 jobs, and a resulting 16% decrease
in the nation’s GDP (2008-2011) and the islands are still recovering from tourism declines associated
with the global COVID-19 pandemic, with estimated GDP losses of 20% in 2020 and 2021. In addition
to global economic volatility, extreme events such as hurricanes have amounted to 8% of annual GDP
losses and increases in projected hurricane intensity along with greater development and more assets

at risk, are anticipated to exacerbate these losses®.

Despite these challenges, the nation has made steady progress to adapt to climate change. Antigua
and Barbuda established the Environmental Protection and Management Act 2019 (updated from 2015)
which gave the Department of Environment (DOE) responsibility to coordinate climate change policies
and direct the implementation of multilateral environmental agreements. The DOE has successfully
accessed funding from the Adaptation Fund (AF), the Global Environment Facility (GEF), and notably
the Green Climate Fund (GCF) for which DOE received direct funding for National Adaptation Planning
activities across several sectors including Wholesale and Retail, Tourism, Food Security, and this work:
Infrastructure and Housing. The DOE is the implementing agency for a GEF-funded project which aims
to offset energy usage associated with energy-intensive desalination processes through hurricane-
resilient wind energy, and a GCF-funded project which aims to install solar PV and batteries on health

clinics across Antigua to allow for continuous service during and after hurricane and drought events.

29 Government of Antigua and Barbuda. (2021). Antigua and Barbuda Updated Nationally Determined Contributions for the period 2020-2030.
Available from: https://unfccc.int/sites/default/files/INDC/2022-06/ATG%20-%20UNFCCC%20NDC%20-%202021-09-02%20-%20Final.pdf

30 Antigua and Barbuda. (2022). Country Programme. Available from: https://www.greenclimate.fund/sites/default/files/document/country-
programme-antigua-and-barbuda.pdf
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Furthermore, a GCF-roads funded projects is reducing flood impacts to vulnerable communities, like

Cashew Hill, through the construction of a culverting system alongside roadways.*

Yet, as disaster-prone islands, the resilience of Antigua and Barbuda’s infrastructure and housing
sectors are not only defined by the resilience of infrastructure assets alone, but also by the broader
planning and development decisions, both past and future, that impact the resilience of the islands, and
the role of natural ecosystems (e.g., sand dunes, beaches, sandbars, mangroves, wetlands) in

protecting inland areas.

As discussed, the bread and butter of the nation’s economy is tourism, and beaches are its more prized
asset. Yet, in the absence of adaptation by 2050, a large proportion of hotels will be unable to profit
from proximity to sandy beaches, and by extension, the economy writ large, and people with tourism-
based livelihoods, will suffer2. In Antigua, the northwest coast is rapidly eroding, accelerated by the
building of concrete structures too close to the shoreline, and the use of poorly designed and
unregulated sea defenses. Antigua’s Sandals Hotel is already over 40-60 feet (12-18 m) in the water,
accelerating beach erosion in Dickenson’s Bay.3% Beaches and shorelines serve as natural buffer zones

that protect the coastline and backshore coastal ecosystems from waves, surges, and marine flooding.*

Many tourism structures, primarily resorts, hotels, and luxury residencies are not in compliance with
coastal development setbacks, measured from the line of permanent vegetation, with some structures
constructed in no development zones, and protected areas. In 2010, the now closed Lighthouse Bay
Resort was built on the sand bar to the west of Barbuda’s Codrington Lagoon, below the 0.13m SLR
risk line, where no development is permitted. While the resort was permanently closed following
Hurricane Irma, the presence of a structure on sandbar alters the highly dynamic and migratory nature
of the sandbar, and its ability to recover over time. For example, Hurricane Luis (1995) caused the
sandbar to breach, however it reconnected naturally within six months. The initial sandbar breach
caused by Hurricane Irma (2017) has widened to nearly 1.2 miles (2 km) (2022), impacting Barbuda’s
economically-important lobster fishing industry, the lagoon’s ecology, and compromising the integrity of
the sandbar to protect the community of Codrington from future storms.® The Barbuda Ocean Club’s
construction of a golf course and luxury homes in Palmetto Point, an ecologically significant area
protected under the Ramsar Convention, is not in compliance with Category Four development
setbacks (300 feet/91 m from the permanent vegetation mark), and environmental regulations that

prohibit the clearing of mangroves.36

31 GCF. (2017, December 18). A Blueprint for Adapting Road Infrastructure to Projected Climate Extremes in Antigua and Barbuda. Green
Climate Fund. https://www.greenclimate.fund/document/blueprint-adapting-road-infrastructure-projected-climate-extremes-antigua-and-
barbuda

32\World Bank (2021). 360° Resilience: A Guide to Prepare the Caribbean for a New Generation of Shocks. Available from:
https://www.worldbank.org/en/events/2021

33Government of Antigua and Barbuda (2021). Department of Environment Report of 2020 Development Control Authority (DCA) Applications.
Available from: https://environment.gov.ag/assets/uploads/attachments/bacaa-2020-dca-doe-review.pdf

34UNDRR (2020). World's Sandy Beaches Under Threat From Climate Change

35 Measurements taken from the Sentinel 2 Hub online tool from December 2017 to December 2022. Available from: https://apps.sentinel-hub.com

36 jkewise, the Peace Love and Happiness (PLH) luxury housing developments in Coco Point and the north-western parts of Barbuda (Barbuda
Belle Hotel) are not in compliance with category 4 setbacks.
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Figure 2: Three snapshots highlighting the evolution of the breach in Codrington Lagoon. Source: Sentinel 2 Hub.

Sand deposits in Palmetto Point, Barbuda, have been extensively surface-mined for decades, primarily
for aggregate in construction, which has resulted in a range of detrimental environmental impacts
including, groundwater contamination, the destruction of culturally important vegetation that is used to
make fish nets, thatch roods, brooms and plants used for medicinal purposes, and increased exposure
to hurricanes.* In both islands there is illegal sand mining, incentivized by the relatively high market
value of sand, and weak regulations and enforcement to penalize offenders. The government’s plans
to harvest and export several billion tons of sand from the nation’s open waters may further thwart

coastal resilience by altering the rates of sand transport and increasing the rates of coastal erosion.

As such, plans to enhance resilience need to be contextualized within the broader context of economic
development on the islands to ensure that adaptation in one sector or area, is not undermined by actions
in another. As per the nation’s Voluntary National Review (2021), future priorities for the nation include
facilitating better access to adequate housing, reducing energy costs, enhancing energy security,
improving infrastructure, and better utilization and management of marine spaces, which is closely
linked to adequate management of wastewater and sanitation.® This SAP aligns with these priorities
outlined in the VRN, by proposing adaptation measures to enhance climate resilience within the
housing, roads, energy, and wastewater sectors and within the broader context of the islands, while

recognizing Antigua and Barbuda’s distinct challenges and unique differences.

37 Boger, R., Perdikaris, S., Potter, A.E., Mussington, J., Murphy, R., Thomas, L., Gore, C. and Finch, D., (2014). Water resources and the historic
wells of Barbuda: tradition, heritage, and hope for a sustainable future.

38United Nations Environment Program. (2022). Sand and Sustainability. 10 Strategic Recommendation to avert a Crisis. Available from:,
https://www.unep.org/resources/report/sand-and-sustainability-10-strategic-recommendations-avert-crisis

3% Government of Antigua and Barbuda (2021). Voluntary National Review of Antigua and Barbuda. Available from:
https://sustainabledevelopment.un.org/content/documents/279502021_VNR_Report_Antigua_and_Barbuda.pdf
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1.2 Antigua and Barbuda NAP and SAP process

The National Adaptation Plan (NAP) is a tool for countries to implement their adaptation commitments
under the Paris Agreement on Climate Change. The NAP process, underpinned by the latest available
science and a robust stakeholder engagement process, identifies medium- and long-term adaptation
needs to integrate into national policymaking, planning, and investment decision-making. The goal is
for countries to enhance their adaptive capacity, strengthen resilience, and reduce vulnerability to the
adverse effects of climate change in the nation.

Sectoral (climate) adaptation plans, or SAPs, are a key component of NAPs, as they focus on specific
sectors or areas of the economy that are particularly vulnerable to climate change impacts. SAPs
provide detailed information on how the country plans to address the specific challenges facing each of
those sectors. Countries may develop an overarching NAP, sector-specific NAPs (i.e., a series of SAPS)
relevant to the national context or produce both an overarching plan and specific sectoral plans. There
is no one-size-fits-all approach, and the UNFCCC recommends that countries produce a plan that

highlights their medium- to long-term adaptation needs and respective strategies for addressing them.

As NAPs aim to reduce vulnerability to the impacts of climate change and integrate climate change
adaptation into existing and emerging policies, programs, and activities, this also means embedding
climate adaptation considerations across sectors. After receiving funding in its capacity as a Direct
Access Entity (DAE) to the GCF, the DOE is developing SAPs under the broader NAP process. The
SAPs will then feed into the larger NAP document, which aims to set out cross-sectoral strategies,

investments, and plans with the goal of enhancing climate resilience within each respective sector.

The overarching objective of this SAP is to enhance the resilience of Antigua and Barbuda’s
infrastructure and housing sectors by providing strategic direction to key stakeholders and agencies,
and ultimately mainstream climate adaptation in development planning. This SAP is a 10-year planning
framework that outlines adaptation actions across four priority sectors (housing, roads, wastewater, and
energy) and a pathway to implement them through a financing strategy and an M&E framework. The
adaptation actions in this SAP were developed based on the identification of key risks in the sectors, a
review of adaptation efforts to date, a review of international best practices, and extensive consultation
and validation with a range of stakeholders (including government officials, sectoral and technical
experts, non-governmental organizations (NGOs), private sector actors) both through virtual
consultation and an in-country mission (January 2023). The importance of a stakeholder-driven NAP /
SAP process cannot be understated, and the priorities of key stakeholder groups (see Annex 1: Key
Stakeholders and Agencies) must be balanced and reflected in the final output of this work — a
stakeholder-validated framework that supports enhancing climate resilience in the infrastructure and
housing sectors comprehensively and holistically. The adaptation actions elaborated in this report do
not only focus directly on the asset (e.g., roads) but also the upstream processes that will impact the

asset downstream (e.g., runoff from future developments that may exacerbate flood risk in roadways).
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marine pollution).

The SAP consists of the following sections:
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A review of sectoral vulnerability to climate change, and asset sensitivity

An analysis of past impacts of climate change on infrastructure and housing

Projections of climate change impacts on infrastructure and housing

Defining sectoral needs and identifying prioritized adaptation measures

Elaborating a financing strategy for implementing adaptation measures

Detailing an M&E process to monitor the implementation of adaptation measures and the

SAP process
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Section 2: Sectoral Vulnerability and

Climate Change Impacts

2.1 Current climate

Antigua and Barbuda has a moderately arid tropical maritime climate.* Strongly influenced by the
easterly trade winds, the country has two seasons; the dry season and the wet season. The dry season
runs from December to May while the wet season runs from June to November.* Average annual
rainfall is 970 mm, ranging from a seasonal low of 39 mm in February, to a high of 1230 mm in November.
The islands experience a relatively small temperature range, with monthly average temperatures
ranging from 25.2°C in February to 28.3°C in August and relative humidity ranging from 76% to 82%.

Antigua and Barbuda’s climate is strongly influenced by inter-annual climate cycles such as the El Nifio
Southern Oscillation.? La Nifia events, when eastern-Pacific Sea surface temperatures (SSTs) are
cooler than average, typically precipitate wetter and cooler conditions, while El Nifio events, when SSTs

are warmer than average, result in a hotter and drier wet season.

The country is characteristically exposed to several hydrometeorological hazards, notably extreme
events, such as heavy rainfall, tropical cyclones and associated storm surge, extreme wind and
flooding, and slow-onset phenomena such as drought and erosion.” The islands’ location in the Atlantic
hurricane belt makes them vulnerable to tropical depressions, storms, and cyclones which typically
occur during the wet season and are often the catalyst for much of the wet season rainfall (and reservoir
and groundwater recharge in Antigua and Barbuda, respectively).* Each year, an average of 12 to 15
tropical storms move through the Caribbean and the Gulf of Mexico with hurricanes directly impacting

Antigua and Barbuda on average 9 times per century.

Drought is also a recurrent feature of Antigua and Barbuda's climate with an average recurrence interval

of every 9 years (

Table 1).# Consequently, Antigua and Barbuda is ranked as one of the most water-stressed countries
in the Caribbean — the Food and Agriculture Organization (FAQO) defines countries with less than 1,000
ms/year of freshwater resources per capita as water-scarce, and Antigua and Barbuda has total

renewable water resources per capita at 566.3 m3/year. Yet, drought impacts are not experienced

40 World Bank. (2022). Climate Change Knowledge Portal. Available from: https://climateknowledgeportal.worldbank.org/country/antigua-and-
barbuda/climate-data-historical

4t World Climate Guide (n.d). Available from: https://www.climatestotravel.com/climate/antigua-and-barbuda

42 C. McSweeney, M. New, and G. Lizcano.(n.d). UNDP Climate Change Country Profiles. Available from:
https://www.geog.ox.ac.uk/research/climate/projects/undp-cp/UNDP_reports/Antigua_and_Barbuda/Antigua_and_Barbuda.lowres.report.pdf

43 Road, A., Johns, S., Mullin, P., Cooke, A., & O'marde, D. (2017). Country Document for Disaster Risk Reduction Antigua and Barbuda 2016
Country Document for Disaster Risk Reduction: Antigua and Barbuda, 2016.

44 Caribbean Institute for Meteorology & Hydrology (n.d.). Caribbean Regional Climate Centre Available from: https://rcc.cimh.edu.bb/caribbean-
climatology/

45 Jvor Jackson & Associates, Environmental & Landuse Planning and Landscape Architecture (2001). Drought Hazard Assessment and Mapping
for Antigua and Barbuda
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uniformly on both islands, and tend to be more intense in Barbuda. In Barbuda, precipitation falls
primarily during the wet season. Due to the relatively low precipitation and periodicity, low topography
and shallow soils, there are no perennial streams or fresh-water bodies in Barbuda. Groundwater is
therefore shallow, and recharge is limited to approximately three months of the year (September —
November) with only 15-30% of annual precipitation reaching the aquifers.* Further, Barbuda has a
high rate of solar radiation, particularly in the eastern regions. Solar radiation is absorbed by the earth’s
surface and is re-radiated as heat, which increases ambient air temperatures, and can intensify drought

conditions.¥

Table 1: Frequency and return period of extreme events, Antigua and Barbuda (1642 to 2015).
Source: Country Document for Disaster Risk Reduction: Antigua and Barbuda, 2016.

Return Period

Hazard Timeframe Incidents (years)
Drought 1731 to 2015 33 8.6
Earthquake (Magnitude = 6.0) 1690 to 2007 6 52.8
Fire 1995 to 2005 240 (annual average) 0.004
2006 to 2010 375 (annual average) 0.003
Flood (Moderate-Major) 1974 to 2015 16 2.6
Landslide (Moderate-Major) 2008 to 2015 5 14
Tropical storms 1642 to 2015 49 7.6
Tsunami 1690 to 2015 2 162.5

SST around Antigua and Barbuda fluctuated between 26.7°C and 28.7°C between the years 1998 and
2022 and sea level has been showing a generally increasing trend, with interannual fluctuations

between +/- 30 mm.“

As a small island nation, Antigua and Barbuda is exposed to both coastal erosion and accretion.
Between 1995 and 2015, 79% of beaches in Antigua and 71% in Barbuda recorded an increase in the
profile area, suggesting coastal accretion was the dominant process. However, on a shorter timescale,
between 2009 and 2015, 63% of beaches on Antigua and 57% of beaches on Barbuda experienced a
decrease in area, indicating that erosion was the dominant process.* The changes in profile area, on
different beaches, vary over time and depend not only on the location and orientation of the beach but
on natural events and socioeconomic activities, like coastal development, along the beach or within
nearby coastal environs. For example, the north-western shore of Antigua has one of the highest levels
of coastal tourism development and beaches here show relatively high rates of erosion particularly

along Dickenson Bay, as well as Deep Bay and Fort James.® In Barbuda, areas with high levels of

46 Hubbart, J. A., Stephan, K., Petersen, F., Heck, Z., Horne, J., & Meade, B. J. (2020). Challenges for the island of Barbuda: A distinct cultural
and ecological island ecosystem at the precipice of change. Challenges, 11(1), 12.

47 Berkeley University. (2023). Understanding Global Change. Absorption / reflection of sunlight. Available from,
https://ugc.berkeley.edu/background-content/reflection-absorption-sunlight/#:~:text=through%20the%20atmosphere.-
,Most%200f%20Earth's%20energy%20comes%20from%20the%20Sun.,0f%20the%20atmosphere%20goes%20up.

48 World Bank (2022). Climate Change Knowledge Portal. Available from: https://climateknowledgeportal.worldbank.org/download-data

4% James, Philmore (2017). Analysis of Beach Changes in Antigua and Barbuda. Fisheries Division. Available from:
https://chm.cbd.int/api/v2013/documents/AC193FF3-9E09-E877-305C-
7F5C18EAEAL7/attachments/207427/ANALY SIS%200F%20BEACH%20CHANGES%202009%20-%202015%20%20%20FINAL.pdf

50 OAS/USAID (2001). An Assessment of Beach Erosion Hazards in Antigua and Barbuda. Summary Report. Post-Georges Disaster Mitigation
Project. Available from: https://www.oas.org/pgdm/hazmap/cstlersn/ant_bar/cersn_nt.htm
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coastal erosion includes Palm Beach, which lies in proximity to the lagoon breach and the abandoned
Lighthouse Bay Resort, Palmetto Point, the site of the Barbuda Ocean Clubs golf course, and Coco
Point, the site of the Peace Love and Happiness luxury development. Importantly, during tropical

storms, coastal erosion rates typically increase.s

To the consultant's knowledge, no notable lightning strikes have damaged Antigua and Barbuda’s
infrastructure assets. The average lightning density, meaning the number of lightning strikes or flashes
per area, is 0.46 events per square mile per year (1.2 events/km?/year) in Antigua, and 0.31 events per
square mile per year (0.8 events/km/year) in Barbuda.®> The northern parishes in Antigua experience
greater lightning density than the southern parishes.

For a 1 in a 100-year flood event, flood depths in Antigua and Barbuda range from an average mean
flood depth of 0.20 feet (0.06 m) to a maximum of 0.33 feet (0.1 m). Within Antigua, St. George’s
experiences the greatest flood depth level of 0.26 feet (0.08 m), while all parishes experience a
maximum flood depth level of 0.33 feet (0.1 m). Barbuda also experiences a maximum flood depth of
0.33 feet (0.1 m) and mean flood depth value of 0.33 feet (0.1 m). Table 2 details the mean and
maximum flood depths within each parish.

Table 2: The mean and maximum flood depths across Antigua and Barbuda for a 1 in 100-year flood event. Source: WRI

Mean Flood Depth (m) Maximum Flood Depth (m)
Barbuda 0.1 0.1
St. George 0.08 0.1
St. John 0.06 0.1
St. Mary 0.03 0.1
St. Paul 0.03 0.1
St. Peter 0.05 0.1
St. Philip 0.05 0.1

For more information, Figure 9 in section 2.4.2 Hazard mapping highlights areas exposed to flooding.

2.2 Sectoral vulnerability to climate change and asset sensitivity

The following section outlines sectoral vulnerability to climate change and asset sensitivity concerning
the four priority sectors: housing, wastewater, roads, and energy. Housing refers to homes, the services
that they depend on (e.g., water, electricity), and external factors that influence sectoral resilience (e.g.,
the presence of rubble that can damage communities during hurricanes). Wastewater primarily refers
to domestic effluent (e.g., grey water and septic tank effluent), and roads refers to primary and

secondary roadways and drainage and culverting systems, and external factors that impact asset

51Cambers, Gillian (2009). Caribbean beach changes and climate change adaptation. Available from:
https://www.tandfonline.com/doi/abs/10.1080/14634980902907987
52 VAISALA (n.d). Vaisala's Interactive Global Lightning Density Map. Available from: https://interactive-lightning-map.vaisala.com/
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performance. Energy refers to generation (solar only, as the island imports fuel), storage (e.g., oil),

transmission, and distribution.

2.2.1 Housing

According to 2011 census data, Antigua housing stock is primarily constructed of wood (plywood or
sideboard) (42%), concrete structural members and concrete blocks (39%), followed by wood and other
material (18%) (Table 3). Other less common building materials include expanded polystyrene with
micro concrete (shotcrete) composite or man-made siding with aluminium frame structural members
(referred to as ‘Antech’ Homes), stone, and brick. Barbuda’s housing stock (Table 4) is primarily
constructed of concrete and blocks (77%), followed by wood (13%) and wood plus other materials (8%).
Importantly, this data was collected pre-Hurricane Irma, and the composition of concrete and block

housing in Barbuda may now be higher due to Building Back Better initiatives.

Reinforced concrete homes, when designed and constructed to code, are the most hurricane and flood
resilient yet are also the most expensive to construct at approximately US $141 (EC $380) per square
foot (versus plywood US $74/EC $200 per square foot, sideboard US $93/EC $250 per square foot,
composite US $118/ EC $320 per square foot)%3. As such, housing in neighborhoods of low socio-
economic standing tend to suffer the greatest damage particularly if they are in vulnerable, flood prone
areas (e.g., St. John’s City, York’s, Cashew Hill, McKinnon’s, and Jolly Harbour). Most roofs are
constructed from sheet metal, (Antigua 89% and Barbuda 94%) (Table 5) which can withstand high
wind speeds, if properly reinforced to the structure, constructed with low overhangs, and sloped to resist

atmospheric pressure change forces.

Table 3: Number of Households by Parish by Material of Outer Walls of the Dwelling Unit - Antigua. Source: 2011 Population and
Housing Census.

Material of Outer Walls of the Dwelling Unit - ANTIGUA

Parishes Total Concrete Improvised Stone Stone and Wood Wood (plus Other Don't

and Blocks /Makeshift Brick other know /
material) Not
stated

St. John City 7,879 1,858 7 10 20 4,202 1,722 47 13

St. John Rural 10,568 4,826 7 22 22 4,090 1,435 149 17

St. George 2,932 1,464 0 5) 5) 910 509 32 7

St. Peter 1,829 664 0 5 5 803 335 12 5

St. Philip 1,139 597 0 3 4 263 264 1 7

St. Paul 2,809 1,113 0 7 9 1,168 495 15 2

St. Mary 2,512 956 0 3 3 1,044 491 14 1

Total 29,668 11478 14 55 68 12480 5251 270 52

Percentage 100 39 0 0 0 42 18 1 0

53As per information shared by the Antigua and Barbuda Institute of Architects (2023)
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Table 4: Number of Households by Material of Outer Walls of the Dwelling Unit - Barbuda. Source: 2011 Population and Housing
Census.

Material of Outer Walls of the Dwelling Unit - BARBUDA

Parishes Total Concrete Improvised Stone Stone and Wood Wood (plus Other Don't
and Blocks /Makeshift Brick other know /
material) Not
stated
Barbuda 545 420 1 8 2 68 44 2 0
Percentage 100 7% 0 2% 0 13% 8% 0 0

Table 5: Number of Households by Parish by Type of Roofing Material of the Dwelling Unit. Source - Antigua: 2011 Population
and Housing Census.

Type of Roofing Material of the Dwelling Unit - ANTIGUA

Parishes Total Concrete Improvised Sheet Shingle Shingle Shingle Tarpaulin Tile Other Don't
/Makeshift metal (asphalt) (other) (wood) know /
Not stated
St. John City 7,879 166 4 7,188 180 287 24 3 3 24 0
St. John Rural 10,568 286 13 9,488 443 124 94 0 36 84 0
St. George 2,932 98 1 2,579 160 20 41 2 18 13 0
St. Peter 1,829 40 1 1,701 59 3 8 1 12 4 0
St. Philip 1,139 12 3 1,002 28 25 46 0 1 22 0
St. Paul 2,809 104 2 2,418 86 129 38 1 10 21 0
St. Mary 2512 77 0 2,062 81 254 8 0 28 12 0
Total 29,668 783 24 26428 1,037 842 259 7 108 180 O
Percentage 100 S 0 89 4 3 1 0 0 0 0

Table 6: Number of Households by Parish by Type of Roofing Material of the Dwelling Unit - Barbuda. Source: 2011 Population
and Housing Census.

Type of Roofing Material of the Dwelling Unit - BARBUDA

Parishes Total Concrete Improvised Sheet Shingle Shingle Shingle Tarpaulin Tile Other Don't
/Makeshift metal (asphalt) (other) (wood) know /
Not stated
Barbuda 545 11 0 511 3 2 17 0 0o 1 0
Percentages 100 2 0 94 0.5 0.5 3 0 0 0 0

Most homes are constructed in phases over the course of several months, in the case of Antigua, and
several years, in the case of Barbuda. In Barbuda, homeowners do not have mortgages and as such
houses are paid for out-of-pocket and are often constructed in phases as funds become available (e.g.,
phase 1: foundation, phase 2: walls, phase 3: roofs, phase 4: plastering, phase 5: windows and doors,
phase 6: finishes). As per consultation with Antigua and Barbuda’'s Association of Professional
Engineers, exposure of building materials to solar radiation, high salinity, and moisture can accelerate
deterioration and compromise the structural integrity of Antigua and Barbuda’s housing stock. For

example, exposure of reinforced steel to sunlight drives high temperatures in the steel and surrounding
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concrete which can cause the concrete to crack due to differential expansion. High salinity in the air,
also causes exposed steel reinforcement to corrode and degrade. Further, the use of brackish well-
water and sand for construction practices can also accelerate corrosion. The consequences of steel
corrosion will typically show in two decades, by causing the concrete to crack. Lumber will typically
discolor, deform, and warp after short periods of heat exposure and moisture from the rain. Concrete

blocks do not deteriorate from weather exposure, in fact, they strengthen.

Adherence to the building code is further compounded by the fact that as a profession, contractors and
builders are not regulated or licensed in Antigua or Barbuda (in the same way that architects and
engineers are regulated and licensed). Additionally, draftspersons and technicians do not have a
regulated association. As such, even if a builder uses adequate materials, a lack of licensing and
adequate training may result in sub-par construction, and poor-quality housing®. In practice, the
Development Control Authority (DCA) as a means of Government oversight is meant to inspect homes
at each building stage to ensure that they are being constructed according to plan and what was
approved, however this does not happen in practice, resulting in home construction that deviates from
DCA-approved plans.®® In Antigua, homeowners may be unaware of the building code, and hire builders
without adequate training to design homes that adhere to the minimum standards as set forth in the
code. In Barbuda, where building practices are often communal, both homeowners and laborers may

be unaware of, or not adhere to, the full set of design guidelines as outlined in the OECS building code.

In November 2017 (61-23d) The National Office of Disaster Services (NODS) and the United Nations
Development Program (UNDP) completed a survey to assess Hurricane Irma’s damage to Barbuda’s
building stock.*® They found that 44% of private structures in Barbuda were severely affected or
destroyed by Hurricane Irma (Levels 3 and 4), 25% sustained minor damages (Level 2), and 23%
sustained minimal or no damage (Level 1 — see Table 7) for a description of damage).” While some
engineers have concluded that Level 3 and 4 damage to Barbuda’s housing stock are indicative of sub-
par housing and low adherence to the building code®®, others have argued that widespread damage to
the house sector was inevitable due to Hurricane Irma’s record-breaking wind speeds and the
accompanying 7-11 foot surge.® Further, as Barbuda was evacuated, damaged homes were left
exposed to the elements, and may have sustained additional damage in the two months following

Hurricane Irma and before the NODS / UNDP Barbuda Building Damage Assessment took place.

54James, David. (2018). The Case for Accreditation of Contractors. OECS Building Code. Available from: https://www.oecs.org/en/our-
work/knowledge/library/the-case-for-accreditation-of-contractors-david-james-pdf/viewdocument/1268

55The role of the Development Control Authority (DCA) is to enforce and maintain the minimum standard as set forth in the building code and
building development guidelines, and to regulate development as per the Physical Planning Act, 2003 (source: DCA).

S6UNDP and NODS (2017). Barbuda Building Damage Assessment. Preliminary Findings.

570f 1134 private structures, 906 were homes (80%), 118 commercial properties (10%), 51 were homes/businesses (5%), 56 were storage rooms
(5%) and 3 were stables (0%).

58Stakeholder consultation with DCA. Antigua 2022. Available from: https://www.oecs.org/en/our-work/knowledge/library/antigua-

pdf/viewdocument/1245

59No Building could have stood up to Irma’s winds’. 2017, Sept 14. Available from:, https://antiguaobserver.com/no-building-could-have-stood-up-
to-irmas-winds/
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Table 7: Level of Building Damage and Description. Source: NODS and UNDP (2017). Post-Irma Building Damage Assessment

Level Description

Level 1 — Minimal or No Damage Owners and renters do not require assistance to safely live in
the building. This often includes some damage to windows,

doors, and small damage to galvanized sheeting.

Level 2 — Minor repairs Buildings that require roof repairs, mainly galvanize sheeting.
In principle, rafters do not need to be replaced. However, rafter
status must be carefully examined before galvanized sheeting
is properly installed.

Level 3 — Major repairs Often implies replacement of rafters and roofing but no wall or

structural elements

Level 4 — complete rebuilding In addition to roofing or rafters, at least 50% of the walls are
severely damaged. If repairs are possible, these may be more
complex and expensive than a complete rebuilding of the

structure

Both islands have reverse-osmosis desalination plants® which convert sea water to potable water
supplied by the APUA. In Barbuda, anecdotally, an estimated 500 of 575 households are connected in
APUA-water, however not all households utilize this water as a primary source.®* In Antigua, as per
2011 Census data, an estimated 68% of households rely on APUA water as a primary water source
that is piped in the dwelling.®> The majority of Antigua’s APUA water comes from desalination, with
surface water catchments contributing to water supply if and when catchments are supplied from wet
season rainfall. Catchments such as Potsworks Dam are frequently offline, particularly the dry season,

as water levels fall below allowable extraction levels.®

Rainwater harvesting practices are legally mandated and widespread on both islands, with homeowners
using underground cisterns or rain barrels. Cisterns can typically hold a higher volume of water, which
is optimal for drought-prone islands, however, are more expensive than rain barrels. From a resilience
perspective, cisterns are optimal not only because of their higher holding capacity, but also because
they are either built into the housing structure or constructed below ground. Conversely, rain barrels
have been dubbed as ‘balloons’ as they can detach from homes and fly away during hurricanes, causing

damage to other structures if not properly secured.

In Barbuda, private wells supply non-potable needs such as gardening, laundry, and cleaning.
Additionally, historic wells supply water for communal non-potable purposes, such as construction,

livestock management and emergency management, however the extent and use of well-water is

50Fjve Reverse Osmosis plants in Antigua, and one in Barbuda

61GoAB. (2017). Hurricane Irma Recovery Needs Assessment. A report by the Government of Antigua and Barbuda.

62 Antigua and Barbuda (2011) Available from: https://statistics.gov.ag/wp-content/uploads/2017/11/2011-Antigua-and-Barbuda-Population-and-
Housing-Census-A-Demographic-Profile.pdf

53 ‘potworks Dam back online, but possibly not for long’. 2019, December 24. Antigua Observer. Available from,
https://antiguaobserver.com/potworks-dam-back-online-but-possibly-not-for-long/
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variable.** Barbuda has shallow groundwater reserves with freshwater perched upon a saltwater layer
Groundwater supplies are highly susceptible to drought, storm surge and sea level rise, and are
vulnerable to saline intrusion and surface contamination. Groundwater recharge is rainfall dependent,
with tropical storms providing a significant source of rainfall.s

In Antigua, home insurance is required as a condition of a mortgage, and at a minimum, 13% of homes
are insured.® In Barbuda, insurance uptake is very low, potentially by choice, or due to low accessibility.
Of note, there was no insurance presence in Codrington prior to 2022, and Barbudans would have to
travel to Antigua to visit a branch.®” Further, there appears to be a general lack of information and
awareness on both islands concerning policyholder responsibilities. For example, homeowners are
required to request regular home insurance appraisals, and report any upgrades as pay-outs are
determined based on the home’s appraised value. A further barrier to uptake is that premiums are
considered expensive, particularly for homes built from materials other than concrete (premiums are
higher for wood homes), and pay-outs can take several months or even years to materialize post
disaster, as they are predicated on an in-person damage assessment. Consultations on both islands
reveal that some homeowners consider it more cost-effective to save money for re-building their homes
post-disaster, or to invest in climate-resilient enhancements, rather than paying costly premiums year
over year. A lack of trust in insurance companies, and instances of fraud and financial collapse, further
influences public perception of insurance. For example, the 2008 collapse of the Trinidad-based
Colonial Life Insurance Company (CLICO), and the British American Insurance Company (BAICO), has
resulted in outstanding debts of US $60 million (EC $162.1 million) to be paid to Eastern Caribbean
Nations, including to Antigua and Barbuda.®

Despite the nation’s high-income status, wealth is concentrated in the hands of a few as 14% of the
nation is unemployed and 18% live below the poverty line.®® As such, for at least a third of the population
it is cost-prohibitive to insure a home, or to build or retrofit it to a higher standard. There are limited
financing options for homeowners to enhance resilience, especially if their homes are in flood-prone
areas, or if homes are constructed of poor-quality materials, as the risk to lenders is high. Yet the
inability of individual homeowners to adapt to climate change means that climate change will continue

to undermine government and donor investment in infrastructure and public housing.™

Areas within both islands have a high volume of abandoned, hurricane-damaged, and dilapidated

houses specifically central Codrington, Barbuda (attributed mostly to homes destroyed in Hurricane

64See B.Boger et al (2014) Table 3 for a summary of well use (present and past). Boger, R., Perdikaris, S., Potter, A.E., Mussington, J., Murphy,
R., Thomas, L., Gore, C. and Finch, D., 2014. Water resources and the historic wells of Barbuda: tradition, heritage and hope for a
sustainable future.

85GoAB. (2017). Hurricane Irma Recovery Needs Assessment. A report by the Government of Antigua and Barbuda.

56 Homes with mortgages used as proxy for insurance from 2011. The true figure is likely higher. Census Data: GoAB. (2011). Antigua and
Barbuda 2011 Population and Housing Census.

S7ABS TV Radio (2022), State Insurance Company Expands to Barbuda. Available from: https://abstvradio.com/state-insurance-company-
expands to-barbuda/

%8prime Minister Gaston Browne threatens legal action for outstanding insurance settlement. (July 24, 2022). Available from,
https://antiguaobserver.com/prime-minister-browne-threatens-legal-action-for-outstanding-insurance-settlement/

59 GoAB(2019). Antigua & Barbuda’s 2015-2020 National Action Plan Combatting Desertification, Land Degradation & Drought. Available from:
https://www.undp.org/latin-america/publications/antigua-barbudas-2015-2020-national-action-plan-combatting-desertification-land-
degradation-droughtl

70 DOE GOAB (2021). An integrated approach to physical adaptation and community resilience in Antigua and Barbuda’s northwest McKinnon’s
watershed. Available from: https://www.adaptation-fund.org/projects-document-view
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Irma) and scattered among middle class development and concentrated in socially vulnerable villages
and communities in Antigua. Derelict housing falls under the mandate of the DCA, however is only
managed in the event of complaints. The housing rubble, coupled with debris on abandoned properties,
can turn into high velocity missiles during hurricanes, exacerbating additional loss and damage to other
properties. There is no centralized inventory of derelict housing in Antigua and Barbuda that identifies
land titles, how long the structure has been abandoned, and how areas should be prioritized for
demolition. Further, squatters may also reside in dilapidated housing, and more broadly abandoned

buildings, requiring consideration of housing alternatives for homeless populations.

As per DCA regulations, new housing applications require that the housing structure covers only 33%
of the plot, and that structures have adequate setbacks from roadways typically (20 feet/ 6 m) and from
neighboring plots (10 feet/ 3 m), although, in vary in other locations such as cities or the coastlines.™ In
practice, setbacks are not adhered to, nor enforced by the DCA during construction through follow up
inspection, and houses are often built in close proximity to the road or adjacent structure. As land in
Antigua is constrained, due to limited land availability, population growth, and topography, parcels are
frequently subdivided into smaller plots, reducing the volume of permeable space for runoff, and
adequate space for septic tank systems to function properly. Adequate setbacks for septic tanks
(minimum of 10 feet/ 3 m, from dwelling) are not enforced by the DCA or the Central Board of Health
(CBA, responsible for sanitation) resulting in instances of domestic wastewater spillage (e.g., when
DCA-approved plans are changed onsite) both under regular circumstances and especially during
heavy rainfall events (more details in section 2.2.2 Wastewater). In Barbuda, houses are not
constrained by land as in Antigua, and have adequate land clearance around them due to land

availability and low population density.

2.2.2 Wastewater

Wastewater primarily consists of sewage effluent from septic tank systems, and grey water (e.g., from
showers, sinks, laundry). Other minor sources of wastewater generation include Antigua’s Rum
Distillery which flows into the St. John’s Harbour, local industry (e.g., mechanic shops) which runs off
into drainage systems, and biomedical liquid waste (e.g., from the hospitals), the latter which is treated

and disposed in the island’s respective landfills.

The absence of centralized wastewater treatment systems in both Antigua and Barbuda has led to a
near-complete reliance on septic tanks and soak-aways, many of which are poorly constructed and ill-
maintained, leading to pollution of the water table and downstream coastal waters.”? In densely
populated areas, septic tank effluent and greywater are disposed of via soak-aways or drain fields, or
are illegally piped to roadside gutters, culverts, and watercourses. In St. John’s City, small land parcels,
a high population density, inadequate siting, and a lack of adherence to setback regulations for septic

tank systems, strain the capacity of septic tank systems to treat sewage effectively. As discussed in

7*OECS (2018). Revision to the OECS Building Guidelines (Antigua and Barbuda).
2Government of Antigua and Barbuda (2021). Voluntary National Review of Antigua and Barbuda. Available from:
https://sustainabledevelopment.un.org/content/documents/279502021_VNR_Report_Antigua_and_Barbuda.pdf
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Section 2.2.1, adequate setbacks for septic tank systems are not routinely adhered to, and there is an
absence of legislation that could penalize offenders for prosecution (e.g., illegal piping or dumping of
wastewater).” Furthermore, St. John’s City sits upon a highly impermeable deep kaolinitic clay (Figure
3), making it inefficient at treating septic tank effluent via sub-surface disposal methods, both under
normal circumstances and particularly when the ground is saturated following heavy rainfall events.
This results in localized flooding in St. John’s City consisting of both stormwater, and inadequately
treated sewage effluent that overflows from septic tank systems and into roadways (see Figure 4) before
flowing into St. John Harbour via gravity and dispersing into the ocean. The development of the Protocol
on the Control of Land-Based Sources of Marine Pollution (LBS Protocol) of the Cartagena Convention
was driven by the recognition that untreated domestic wastewater is the leading point source of
contamination of the marine environment in the broader Caribbean.™

Jolly Harbour is the largest sewered area in Antigua, serving over 600 townhouses, 200 residential lots
and commercial businesses including a golf course, a casino, and a shopping center. Jumby Bay, a
resort island off the NE coast of Antigua, has a full sewer system serving 48 homes and residential lots,
a hotel, and a marina. A housing development in Cassada Gardens has a sewer collection system and
central activated sludge treatment plant. Smaller wastewater systems have been installed at Nelson’s
Dockyard and resort properties around the island. Hotels are resorts are required to have an on-site
wastewater treatment plant that is designed to treat wastewater to secondary level effluent standards
(<30 ppm Biochemical Oxygen Demand (BOD) and <30 ppm Total Suspended Solids (TSS)), although
have no provision for nutrient removal. Post-treatment wastewater is either used on site for irrigation

(e.g., in the northwest tourism zone) or discharged into road-side gutters.™

LEGEND
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Figure 3: Distribution of major soil types in Antigua: Antigua & Barbuda’s 2015-2020 National Action Plan: Combatting
Desertification, Land Degradation & Drought

73Caribbean Water Treatment Ltd. (2010). Development Of A Wastewater Management Strategy For St. John’s With Specific Focus On The North
West Coast Tourism Zone.

"“Wastewater, Sewage and Sanitation | The Caribbean Environment Programme (CEP). (n.d.). Available from: www.unep.org.
https://www.unep.org/cep/es/node/156?%2Fwastewater-sewage-and-sanitation=

"SCaribbean Water Treatment Ltd. (2010). DEVELOPMENT OF A WASTEWATER MANAGEMENT STRATEGY FOR ST. JOHN'S WITH
SPECIFIC FOCUS ON THE NORTH WEST COAST TOURISM ZONE.
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Figure 4: A pipe from a residential property to a drainage system in St. John's City, Antigua. The source of the effluent (e.g.,
greywater or sewage) is unknown, potentially posing public health concerns. Source: Authors, 2023.

In Barbuda, sewage is treated on-property with a conventional septic tank (generally one or two-
chamber for residential properties) and a deep soak away system to hold large volumes of effluent to
accommodate the slow percolation rates characteristic of limestone soils. The tanks are emptied
infrequently, and sewage effluent is transferred to the Barbuda’s landfill. As the landfill has been used
to capacity, disposal reportedly takes place on the top of the landfill.” Anecdotally, some Barbudan’s

report that sewage effluent has historically been illegally dumped into the Codrington Lagoon.

2.2.3 Roads

Antigua and Barbuda’s road network covers low-lying and higher elevation topographies (Antigua),
coastal and inland areas, and are exposed to a range of climate hazards including tropical cyclones,
extreme rainfall and flooding, temperature variation, SLR, and coastal erosion coupled with the
occasional seismic event. Most of the main roads are constructed of compacted dirt, asphalt, or to a
lesser extent, concrete, plus aggregates (e.g., sand). While concrete is the most durable material, it is
also more expensive. While likely outdated, according to 2011 statistics, Antigua and Barbuda has 240
miles (386 km) of paved roads and 487 miles (784 km) of unpaved roads.”” The Ministry of Works and

Housing (MWH) is responsible for planning, managing, and maintaining roads and drainage systems.

In Barbuda, a section of the main high-way, Route-One, is concrete-paved (from River Dock northbound
to Codrington Village), while the remainder of the highway (north of Codrington village and east of River
Dock), is aggregate-compacted. In Codrington village, roads are concrete-paved. Barbuda has low
commuter traffic due to a small local population, and a comparatively small tourist population, although

roads in the south are used routinely for heavy machinery, associated with construction at Coco Point

78GoAB. 2017. Hurricane Irma Recovery Needs Assessment.
""Caribbean Civil Group Ltd. (2016). Antigua & Barbuda Road Infrastructure Rehabilitation Project - FEASIBILITY STUDY ROAD
INFRASTRUCTURE IMPROVEMENTPROJECT.
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and Palmetto Point. Outside of Codrington Village, Barbuda’s main road does not have alternate routes
— as such, downtime due to public works or flooding of main roads during heavy rainfall events, can halt
island-wide transport. Barbuda does not have any storm-water drainage systems, or culverts and the
flat topography of Barbuda slows down the natural water drainage of roads. Roads are sloped on either

side to allow for water to runoff and percolate into the limestone soils.?

Antigua has a more elaborate road network, consisting of a primary and secondary roadwork, and a
higher volume of commuter traffic. Primary roads include Sir George Walter Highway, Friars Hill Road,
and Valley Road, and Anchorage Road. These major arteries grapple with high soil moisture content
and poor or inadequate drainage that results in base and sub-base structural failures and pavement
distress in the form of potholes, patching, alligator cracking, edge cracking, ravelling, rutting, and
settlement (see Figure 5).” Island-wide sub-standard drainage leads to near-routine damage to
roadways following heavy rainfall events, which then necessitates repair. As such, roadway
maintenance can be characterized as reactive, rather than preventative.®* Following a heavy rainfall
event in November 2020, the then recently resurfaced Sir George Walter Highway and Friars Hill Road
suffered major damage including the formation of major potholes and asphalt strippage which exposed
underground pipes. Public works to these major roads, including engineering Friar's Hill Road to
withstand a 1-50 year rainfall event, have been extensive, leading to traffic congestion and spill-over

onto secondary roads. As primary roads are generally prioritized for restoration, secondary roads and

generally less-well maintained and have a lot of potholes.

2t Tl
.4.3‘3‘.,1"" . A

Figure 5: Example of recently resurfaced roads in Antigua impacted by poor drainage nearby. Corner of
Factory and Sea View Farm Road. Source: Colin John Jenkins, 2022.

Thoroughfares in flood prone regions (e.g., Cashew Hill, McKinnon’s, Jolly Harbour) are also routinely
inundated, although drainage capacity upgrades have helped to alleviate risk. A GCF-funded project to

develop a culverting system and concrete-pave roadways in Cashew Hill has made roadways and

78GFDRR (2017). Hurricane Irma and Maria Recovery Needs Assessment for Antigua and Barbuda. Available from:
https://www.gfdrr.org/en/publication/hurricane-irma-and-maria-recovery-needs-assessment-antigua-and-barbuda

"Hodgkinson-Chin, Eva (2001). Antigua/Barbuda Hazard Vulnerability Assessment Project: Final Report. Available from:
https://www.islandvulnerability.org/antiguabarbuda/hodgkinsonchin2001.pdf

80Caribbean Civil Group Ltd. (2016). Antigua & Barbuda Road Infrastructure Rehabilitation Project - FEASIBILITY STUDY ROAD
INFRASTRUCTURE IMPROVEMENTPROJECT.
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adjacent homes and businesses more resilient to flooding, for example following the passage of Tropical
Storm Fiona (2022).8

Some communities in Antigua have stormwater drainage systems (e.g., St. John’s City, Jolly Harbour,
English Harbour) while others have open drains alongside roads that channel into water bodies. Some
roads have no drainage system, and water flows off the roadway onto adjacent land. Open storm-water
drainage systems in St. John’s City, drain into the harbor via gravity. Residential greywater and
wastewater are regularly piped into the city’s drainage systems, exceeding the volume of water that the
city’s drainage systems can handle, which are not capable of managing flows associated with heavy
rainfall events. Stormwater from the north of the island (e.g., Clair Hall, Gambles, York’s) is discharged
into the McKinnon’s Pond and stormwater from the east (upper Old Parham Road, Cassada Gardens,
St. Johnston Village and Potters) is discharged into North Sound (via Fitches Creek mangrove
wetland).82 In the south, stormwater drains to the Country Pond, Perry Bay, and Flashes, adjacent to
Hanson Bay. As stormwater is mixed with greywater and septic tank effluent, many water bodies have

high levels of coliform contamination®:.

A high volume of litter in population-dense spaces, much of which ends up in drains and culverts,
reduces the efficacy of drainage systems to function during heavy-rainfall events, resulting in localized
flooding. This includes bulk waste that is not adequately disposed of. In fact, Antigua and Barbuda rank
second in the world for per capita waste generation at 5.5kg per person per day which is 12 times higher
than the global average and seven times higher than Europe.® Both reducing waste consumption and
educating communities, and particularly the youth on the importance of adequate waste disposal and
recycling, is critical to alleviate flood risk and enhance the well-being of the marine environment. Drains
are open to facilitate easier cleaning and maintenance, however this poses a pedestrian safety hazard,
particularly in areas where drains are deep, as allows for the entry of litter and debris. Maintenance is
also complicated by a lack of building setbacks, particularly for properties built alongside culverts as

heavy machinery cannot access these areas to clear out vegetated overgrowth.

In some historical communities (e.g., Liberta) homes are located in very close proximity to the road. In
newer communities, a lack of adherence to development setbacks exacerbates drainage and roadway
issues as it reduces the permeable spaces adjacent to roadways which support stormwater filtration.
Development outpaces drainage upgrades, and road works fail to account for increased run-off
stemming from upstream developments, which reduces the capacity of drainage systems to handle

heavy flows associated with rainfall events.

81Phoenix, L. (2022, September 23). CASHEW HILL RESIDENT CREDITS DRAINAGE PROJECT FOR REDUCED FLOODING THREAT.
Available from: https://abstvradio.com/cashew-hill-resident-credits-drainage-project-for-reduced-flooding-threat/

82Caribbean Water Treatment Ltd. (2010). Development Of A Wastewater Management Strategy For St. John’s With Specific Focus On The North
West Coast Tourism Zone.

83Antigua Observer (2020). Let's Save Country Pond: Available from: https://antiguaobserver.com/lets-save-country-pond/

84Government of Antigua and Barbuda (2021). Voluntary National Review of Antigua and Barbuda. Available from:
https://sustainabledevelopment.un.org/content/documents/279502021_VNR_Report_Antigua_and_Barbuda.pdf
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Along the coast, SLR and coastal erosion is eroding roadways and the defenses (e.g., seas walls) that
safeguard them. In Barbuda, roadways alongside the lagoon, including roadways in Codrington village
are notably at risk due to their low elevations. Codrington also lacks the full extent of coastal protection
that was once offered by the sandbar due to the breach. In Antigua, the stretch of Valley Road at Crabbe
Hill is located directly alongside the beach and is particularly vulnerable to SLR and coastal erosion.
The erosion of an aging seawall which protects the road at Crabbe Hill has resulted in damage to the

roadway and extensive public maintenance to make the road safe and operational.®

2.2.4 Energy

Antigua and Barbuda is reliant on conventional fossil fuels for energy supply, importing approximately
96% of petroleum products (diesel and oil) to meet the nation’s energy demand.® Electricity is primarily
generated by the Antigua Power Company and sold to the Antigua Public Utility Authority (APUA)
through power purchase agreements (PPA). The APUA is responsible for electricity transmission and
services on both islands. There are two power plants in Antigua, APC and Blackpine, generating
60.3MW and 30.4MW respectively.8” The Wadadli power plant was recently decommissioned
(September 2020) due to operational challenges.8 A new liquid natural gas (LNG) terminal and power
plant will provide 46MW of power to Antigua’s grid and is expected to become operational in the second
half of 2023.8% The power system suffers from notable inefficiencies and high system losses (24%
relative to net generation) due to aging infrastructure, a lack of adequate maintenance, and illegal
connections to the grid.*® Beyond daily operational challenges, the grid also struggles to recover in the
aftermath of extreme events. Following Hurricane Gonzalo (2014) grid supply was interrupted for two
weeks, and for three months following Hurricane Luis (1994).°1 Some homeowners have back-up diesel
generators, particularly in Barbuda, as they were granted in the aftermath of Hurricane Irma.

Both Antigua and Barbuda have solar power facilities that feed into the centralized grid. Northeast of
Codrington, Barbuda’s United Arab Emirates (UAE) funded solar PV facility can generate 720 KW of
power and is equipped with 863 kWh battery storage solution that stabilizes the grid and stores energy
along with a back-up diesel supply. Plans to bury 5 miles (8 km) of transmission lines from the PV facility
to the Codrington APUA-managed power station have not been initiated at the time of writing. The
power station is located on the shoreline of the Codrington Lagoon within the National Park, an area
which makes it highly vulnerable to storm surge and flooding associated with hurricanes. In Antigua, all

85 Antigua Observer (2021). Little Creek Bridge open — Crabbe Hill Road set to take another month. Available from:
https://antiguaobserver.com/little-creek-bridge-open-crabbe-hill-road-set-to-take-another-month/

85)RENA (2021). Antigua & Barbuda Renewable Energy Roadmap. Available from: https://www.irena.org/-
/media/Files/IRENA/Agency/Publication/2021/March/IRENA_Antigua_Barbuda_RE_Roadmap_2021.pdf

87IRENA (2021). Antigua & Barbuda Renewable Energy Roadmap. Available from: https://www.irena.org/-
/media/Files/IRENA/Agency/Publication/2021/March/IRENA_Antigua_Barbuda_RE_Roadmap_2021.pdf

88Antigua Observer (2020). Wadadli Power Plant closed. Available from: https://antiguaobserver.com/wadadli-power-plant-closed/

8\Wartsila. (2022). Wartsila power plant coupled to LNG terminal in Antigua could become model to other Caribbean utilities. Available from:
https://www.globenewswire.com/en/news-release/2022/04/26/2429264/0/en/W%C3%A4rtsil%C3%A4-power-plant-coupled-to-LNG-terminal-
in-Antigua-could-become-model-for-other-Caribbean-utilities.html

Mclntyre, A., et al. (2016). Caribbean energy: macro-related challenges. International Monetary Fund. Available from:
https://www.imf.org/external/pubs/ft/wp/2016/wp1653.pdf

9Department of Environment Government of Antigua and Barbuda (2021). An integrated approach to physical adaptation and community
resilience in Antigua and Barbuda’s northwest McKinnon’s watershed. Available from: https://www.adaptation-fund.org/projects-document-
view
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oil storage assets are located in St. John’s parish. These assets are the most economically valuable at
US $36 million (EC $97.3 million). Electric power assets are located in both St. John’s and St. Peter’s

with that vast majority of these assets located in the latter parish.

Antigua has two solar power facilities: a 3 MW Solar PV facility at V.C. Bird International Airport and a
4MW Solar PV facility at Bethesda. Neither location has battery storage which serves to both stabilize
the grid, and store energy during periods of production deficiency (e.g., night-time, cloudy periods). As
such, both locations are significantly underperforming with respects to installed capacity, and the

contribution of these facilities to the grid is minimal.

Despite recognition of, and efforts to, harness the nation’s wind-generating potential from the south-
easterly trade winds, neither island has installed wind energy capacity. The DOE is the implementing
agency for the GEF-funded SPPARE project which aims to offset energy usage associated with the
Crabbs reverse osmosis plant through 11 to 15 275 KW hurricane-resilient turbines. The first two
turbines slated for constructed at Sir Vivian Richard Stadium have not yet been installed, with the DOE
noting challenges in securing PPA with the APUA for the sale of power generated from the turbines.®
Initial wind feasibility studies have been conducted in Barbuda, however there are no known plans for

installing wind turbines.

Antigua has decentralized renewable energy sources on public facilities. The DOE is the implementing
agency for an Italian Government-funded grant to install grid-interactive Solar PV systems, and battery
backup on sixteen schools across Antigua to allow for continuous power and water service during
hurricanes and drought events. As schools frequently double-up as shelters during hurricanes, they are
key institutions that must remain operational during periods of centralized grid downtime or failure.
Under the SPPARE- project, solar PV installation has been completed on several clinics across Antigua
including Bendall’'s, Parham, Potters and Swetes. Barbuda’s Hannah Thomas Hospital has been

identified as a critical site, however at the time of writing does not have solar PV.

Solar PV is also installed on private residences, and some resorts throughout the islands (e.g., Jumby
Bay has its own solar power system, and Barbuda Belle in Barbuda, which is not grid-connected). Yet,
due to APUA’s perverse interconnection policies, installation of RE systems exceeding 5.0 KW is not
considered financially viable as producers are required to sell energy to the APUA at a rate of US
$0.17/kWh (EC $0.46/kwWh) and buy it back from the grid at US $0.44/kWh (EC $1.19/kWh), under the
‘Buy all, sell all’ net billing system. As such, RE system for producers of 5KW or more, have longer
payback periods (when considering the initial investment cost) which make them financially unattractive
to private sector actors that seek a short-term return on investment. Incentivize schemes for RE energy
producers of less than 5 KW are governed by more attractive policies, whereby producers can utilize a

portion of electricity generated, and sell excess energy back to the grid at a one-to-one ratio.

Solar PVs are vulnerable to hurricane-induced damage, as flying debris can damage the panels and

wind pressure can cause the panels to burst. Risk to solar installations can be reduced by minimizing

92UNEP GEF PIR Fiscal Year (2021) Available from: https://www.thegef.org/projects-operations/projects/5390
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gaps between panels, and quick dismount systems can be installed on smaller installations so that
panels may be removed and stored in advance of a hurricane. Solar PV batteries must be temperature-
regulated to avoid internal battery damage and potential fire hazards and insulated from water and
potential flood-induced damage. Further, solar panel lose a portion of their energy-generating capability
during extremely high temperatures (e.g., extremely hot days or heatwaves). Wind turbines are
vulnerable to hurricane-forced winds as high wind speeds can exceed the design limits of the turbines
and cause blade loss and the buckling of the supporting tower.** However, when wind speeds exceed
design limits, turbines typically do have built-in mechanisms to lock and feather the blades, which
reduces the surface area pointing into the wind.* Furthermore, retractable blades are common in

hurricane-prone regions.*

2.2 Past climate change impacts to infrastructure and housing

Antigua and Barbuda has experienced a significant impact from climate change and past extreme
weather events. Table 8 highlights how specific sectors and assets have been impacted by different

events.

Table 8: Climate change and extreme weather impacts to on key sectors in Antigua and Barbuda. Source: WTW, 2022.

Sector Hazard ‘ Impact ‘ Sectoral Impact
Housing Tropical Cyclone High wind | As Category 2 hurricane, Hurricane Jose brought wind speeds of
Hurricane Jose speeds up to 100 miles per hour (161 kph).*® These winds ripped roofs from
(Oct 17-25, 1999) houses, tore down a church and scattered debris throughout the

streets of Antigua.
Roads Tropical Cyclone Flooding Hurricane Lenny brought very little wind, but excessive rainfall. The
Hurricane Lenny power associated with the fast-moving water overpowered natural
(Nov 17-19, 1999) and man-made drainage systems and caused severe flooding of

households and farms.®” Figure 6, below, illustrates examples of
past flooding events, including flood events experienced in St.
John’s city and Cashew Hill.

Roads Extreme rainfall Flash flooding Up to 12 inches of rain fell over the course of three days, leading to
event flash flooding and resulting in roadway repair costs of around US
(Nov 9-11, 2020) $99 million (EC $267.6 million) in Antigua alone. St. Mary’s South

(Antigua) suffered the greatest damage, amounting to around US
$14 million (EC $37.8 million).*® Flash floods eroded half of Little

Creek Bridge in Valley Road, which links the densely populated
southwest of Antigua to St. John’s City. There were also additional
concerns that bridge closure would cause heavy traffic, accelerate
erosion, and cause complete collapse of the adjacent road that
supported overflow traffic . Flash flooding also destroyed Cades
Bay Bridge, located in the southwest, within St. Mary’s parish.'®
Furthermore, the newly resurfaced'® Sir George Walter Highway
and Friars Hill Road, lost major segments of asphalt, exposing
underground pipes, and resulting in the formation of major

%Rose et. al, (2012). Quantifying the hurricane risk to offshore wind turbines. Available from: https://www.pnas.org

%40ffice of Energy Efficiency & Renewable Energy (2018). Wind Turbines in Extreme Weather: Solutions for Hurricane Resiliency. Available from:
https://www.energy.gov/eere/articles/wind-turbines-extreme-weather-solutions-hurricane-resiliency

9Energy Unlimited, Inc. (2006). Variable Length Wind Turbine Blade. Available from: https://www.osti.gov/servlets

9%National Hurricane Center (1999). Preliminary Report Hurricane Jose. Available from: https://www.nhc.noaa.gov/data/tcr/AL141999_Jose.pdf

9’Road, A., Johns, S., Mullin, P., Cooke, A., & O'marde, D. (2017). Country Document for Disaster Risk Reduction Antigua and Barbuda 2016
Country Document for Disaster Risk Reduction: Antigua and Barbuda, 2016. Available from:
https://www.preventionweb.net/files/54920_annex04drrcdantiguaandbarbuda. pdf

9%Antigua Observer (2020). Floods cast a light on number of people living in vulnerable homes. Available from:
https://antiguaobserver.com/floods-cast-a-light-on-number-of-people-living-in-vulnerable-homes/

9Antigua Observer (2020). Work begins to assess road damage from rains. Available from: https://antiguaobserver.com/work-begins-to-assess-
road-damage-from-rains/

10Antigua Observer (2021). Hole in one? Antigua’s roads tipped to reach ‘international standards’ within a year. Available from:
https://antiguaobserver.com/hole-in-one-antiguas-roads-tipped-to-reach-international-standards-within-a-year/

10INewly resurfaced as of 2020
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potholes.’*? In Barbuda, unpaved roads, including sections of
Route 1, were impassable until the water receded.

Housing Extreme rainfall Flash flooding | As of late November 2020, more than 500 families required
event assistance after the heavy rainfall event caused roof damage and
(Nov 9-11, 2020) flooding into homes, and damage to interior furnishings. Following

the event, some wooden homes were retrofitted (e.g., elevated off
the ground) to better withstand future flood events.%

Energy Decreased rainfall Drought The pan-Caribbean drought of 2013-2016 resulted in a limited
Pan-Caribbean water supply which forced the government to increase desalination
Drought from 40% to 80% of national water consumption, with desalination
(2013-2016) levels reaching ~90% of the national water supply during peak

drought periods.}* As desalination relies on (non-renewable)
electricity supplied from the transmission grid, this led to an
increase in energy demand and consequently energy-supply

disruptions.
Wastewater | Extreme rainfall Flooding Flood events, brought on by heavy rainfall events (as seenin Figure
General 6), can increase sewage overflow leading to ecosystem pollution

and severe health implications. The McKinnon’s Salt Pond in
northwest Antigua, an important ecological area located near farms
and touristic areas, has been severely degraded by pollution
influxes due to wastewater overflow during periods of flooding.'®

Energy Increased A warmer, Antigua and Barbuda have had to purchase additional power
temperatures, and drier, supply to keep up with increasing power demand. Air conditioning
increased frequency | environment. demand dramatically increases during elevated temperatures and
and intensity of heatwaves, while appliances work harder to function amid higher
drought events temperatures, resulting in strain on the energy grid.

General

Ports Tropical Cyclone Barbuda’s main cargo and ferry port ‘River Dock’ was significantly
Hurricane Irma damaged. The deposition of sand around the port restricted vessel
(September 6, 2020) size due to the shallow depth

The Port of St. John’s on Antigua sustained some managed to its
west end and required restoration.*®

Figure 6: Image, from left to right, includes flooding in St. John'’s City (2015), flooding in Cashew Hill (2008), road erosion in Folly
and the impact of storm surge on a road network. Source: Country Document for Disaster Risk Reduction Antigua.

Climate change and extreme weather events have brought on millions of dollars' worth of damage to
key economic and social sectors in Antigua and Barbuda. Table 9 highlights the average cost range of
hurricane-induced damage to key sectors from 1989 to 1999. During the period 1989 to 1999, damages
amounted to US $73.5 million (EC $198.6 million), with environment, tourism, business, and housing

sectors sustaining the largest losses. Building codes were significantly revised following Hurricane

102Antigua Observer (2020). Work begins to assess road damage from rains. Available from: https://antiguaobserver.com/work-begins-to-assess-
road-damage-from-rains/

103Antigua Observer (2020). Floods cast a light on number of people living in vulnerable homes. Available from:
https://antiguaobserver.com/floods-cast-a-light-on-number-of-people-living-in-vulnerable-homes/.

104Road, A., Johns, S., Mullin, P., Cooke, A., & O'marde, D. (2017). Country Document for Disaster Risk Reduction Antigua and Barbuda 2016
Country Document for Disaster Risk Reduction: Antigua and Barbuda, 2016. Available from:
https://www.preventionweb.net/files/54920_annex04drrcdantiguaandbarbuda.pdf

105Road, A., Johns, S., Mullin, P., Cooke, A., & O'marde, D. (2017). Country Document for Disaster Risk Reduction Antigua and Barbuda 2016
Country Document for Disaster Risk Reduction: Antigua and Barbuda, 2016. Available from:
https://www.preventionweb.net/files/54920_annex04drrcdantiguaandbarbuda.pdf

16GFDRR (2017). Hurricane Irma and Maria Recovery Needs Assessment for Antigua and Barbuda. Available from:
https://www.gfdrr.org/en/publication/hurricane-irma-and-maria-recovery-needs-assessment-antigua-and-barbuda
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Hugo (1989), while Hurricane Lenny (1999), which was notable for a large amount of rainfall (26 inches)
falling within a short period, led to a renewed national focus on flood mitigation and preparedness.
Specifically, the housing stock, public infrastructure, and utilities (including electricity and wastewater)
incurred damage ranging from US $0.8 to 28.6 million (EC $2.2 to $77.3 million).

Table 9: Average damage cost range (USD) to different sectors (1989 to 1999), adjusted for present- day losses. Source: NODS,
2017.

Sector Average damage cost range (USD, millions)

Environment 6.9-36.8
Tourism 11.3-30.0
Business 6.7-29.4

Housing Stock 15-28.6
Public Infrastructure 1.8-20.2
Health 15-113
Utilities 0.8-8.2
Agriculture & Fisheries 0.4-8.1
Education 20-55

Hurricane Irma (2017) hovered over Barbuda for over three hours with wind speeds over 180 miles per
hour (290 kph), making its mark as one of the most severe Atlantic Hurricanes on record.*” A significant
storm surge of 5 to 11 feet (1.5 to 2.4 m), along with category five windspeeds, pushed coastal waters
up to 1969 feet (600 m) inland. Areas in Antigua were impacted by Irma’s powerful winds, and less than
two weeks later, again by tropical storm force winds and extreme rainfall brought on by Hurricane
Maria.*® The compounded damage!® from two hurricanes in close succession held a total damage of
US $136.1 million (EC $367.8 million), while losses'® amount to approximately US $18.9 million (EC

$51.1 million). Table 10 details the impact of the hurricanes to Barbuda’s key sectors.

Table 10: Impacts of Hurricane Irma on the road, energy, sanitation, and housing sectors. Source: Hurricane Irma Recovery
Needs Assessment, 2017, and UNDP, NODS, 2017.

Sector Loss and Damage ‘ Sectoral Impact

Road US $16.5M (EC $ 44.6M) * | « Damage to the road network including 73 miles (117 km) of roadway in
Antigua and 5 miles (8 km) of the Barbuda network.

¢ All vehicle stock in Barbuda was assumed to be affected (70% damaged
yet repairable and 30% destroyed).

¢ In Antigua, a bridge that also serves as a sea wall was structurally affected
in the south of the island.

e Barbuda’s only gas station was structurally damaged.

Energy US $3.6M (EC $ 9.7M) e Barbuda: the electricity generation and distribution network was heavily

damaged. Transmission lines and power poles were downed, an

estimated 596 power poles needed replacement while 100 were left

standing

*This figure includes
damage and losses from
airport and port assets.

107GoAB. (2017). Hurricane Irma and Maria Recovery Needs Assessment for Antigua and Barbuda. Available from:
https://www.gfdrr.org/en/publication/hurricane-irma-and-maria-recovery-needs-assessment-antigua-and-barbuda

108GoAB. (2017). Hurricane Irma and Maria Recovery Needs Assessment for Antigua and Barbuda. Available from:
https://www.gfdrr.org/en/publication/hurricane-irma-and-maria-recovery-needs-assessment-antigua-and-barbuda

109 Damage defined as affected (damaged or destroyed) physical assets.

10 | osses are defined as changes in economic flows resulting from the disaster (e.g. loss of income, higher operational costs, exceptional
expenditures resulting from the need to address immediate effects of a disaster etc)

Draft Infrastructure and Housing SAP 30 wtw



\
DEPARTMENT of &

RN VIRCNMENT NAP

o All generators required replacement.

e Supporting infrastructure such as buildings and storage areas required
rehabilitation.

Wastewater | US $0.3M (EC $ 0.81M) * e Barbuda: groundwater was contaminated from the infiltration of surface

and pollutants, septic tank effluent, and saltwater intrusion from storm surge.

o TR £ .
Sanitation This figure includes » Distribution infrastructure such as pipes, valves and fencing required
damage and losses from .
repair or replacement.

the water supply sector.
Housing US $52.2M (EC $ 141.1M) | e 44% of private structures in Barbuda were severely affected or

* destroyed (Levels 3 and 4), 25% sustained minor damages (Level 2), and
23% sustained minimal or no damage. See Table 7 for description of
damage levels.

*This figure also includes
damage and losses from
the education and health
sectors:

2.3 Climate change projections

Climate change projections in Antigua and Barbuda point to higher average temperatures, increased
heatwave durations, reduced annual and seasonal precipitation, greater tropical cyclones intensity (with
higher precipitation), rising sea levels, and increased incidents of drought. The following paragraphs

summarise key projected changes in the 2050s under a worst-case scenario (RCP8.5).
Temperature and Heatwaves

Average annual temperatures in 2050 are projected to increase to 27.7°C, relative to 26.4°C (present-
day) and the daily extreme high temperature is projected to increase to 32.2°C relative to 31.1°C
(present-day). Heatwave duration'' is projected to increase to 5.6 days relative to 3.7 days (present-

day value), with the greatest increase occurring in August.
Precipitation and Extreme Precipitation*

By 2050 annual and seasonal rainfall is projected to remain relatively unchanged. Annual rainfall levels
are projected to decrease to 965mm, relative to present-day levels of 970mm, and each season is also
projected to experience a marginal decrease, with the greatest decrease projected to occur during the
summer months. The intensity of extreme rainfall events, unrelated to tropical cyclones, are projected
to remain relatively unchanged. By 2050 the annual maximum 1-day rainfall is projected to remain
unchanged from the present-day value of 25mm, likewise, the annual maximum 5-day rainfall is
projected to slightly decrease from the present-day value of 60mm. The frequency of extreme rainfall
events are also projected to remain relatively unchanged. By the 2050s, a present-day 1-in-25-year
rainfall event (that generates 65 mm of rain in both Antigua and Barbuda) will occur as a 1-in-26-year
event in Antigua, and in Barbuda, the event will occur as a 1-in-27-year event. It is important to note
that these extreme rainfall events are not associated with tropical depressions, storms, or cyclone

events.

111 Heatwave duration is defined as temperatures where the daily maximum temperature exceeds the 95th percentile of summer temperatures
and lasts longer than 3 consecutive days.
112 Extreme rainfall events unrelated to tropical cyclones (modelled).
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Drought and Dry Spell Duration

Consecutive dry days in 2050 are projected to increase to 169 days a year, from 67 days (present-
day value). Furthermore, the intensity and frequency of drought events are projected to increase by the
2050s.

Tropical Storms and Cyclones

Tropical cyclones (with higher precipitation) are projected to become more intense by the 2050s,* with
hurricane wind speeds increasing by up to 10%.%* This increase in intensity is linked to an increase in
sea-surface temperatures. However, as tropical cyclones are poorly captured by General Circulation
Models (GCM) there is great uncertainty in projected changes in frequency, storm tracks, and their
interactions.** Furthermore, projected increases in the intensity of tropical cyclones with higher
precipitation may counteract the decreases projected for modeled rainfall and extreme rainfall, as
rainfall associated with tropical cyclones is not captured in GCM projections.

Sea Level Rise, Sea Surface Temperature, and Coastal Erosion

Sea levels are projected to rise by around 0.89 feet (0.27 m), ranging from 0.75 feet (0.23m) to 1.02
feet (0.31 m) by the 2050s. Likewise, sea surface temperatures are projected to increase by 1.5
°C. Regarding coastal erosion, studies suggest that an increase in erosional activity occurs during
periods when tropical storms occur, along with SLR and an increase in sea surface temperatures.*’ As

these variables are projected to increase, coastal erosional will likely also increase.

Lightning Events

Lightning events are expected to increase by about 12% per +1°C of warming.*® As the annual average
maximum temperature in Antigua and Barbuda is projected to increase by +1.3°C, the projected total
lightning density is projected to increase to 0.54 events per square mile per year (1.4 events/km?2/year)
in Antigua (+0.2 events), and to 0.35 events per square mile per year (0.9 events/km?/year) in Barbuda
(+0.1 events). This is an increase of 0.08 events per square mile a year (+0.2 events/km?/year) in

Antigua and 0.04 events per square mile a year (+0.1 events/km?/year) in Barbuda.

Flooding

13Consecutive dry days is defined as the maximum number of days with precipitation less than 0.1 mm, this indicator can serve as an effective
measure of extreme precipitation and seasonal droughts.

4PCC Sixth Assessment Report (2021). Working Group 1: The Physical Science Basis. Available from:
https://www.ipcc.ch/report/ar6/wgl/downloads/factsheets/IPCC_AR6_WGI_Regional_Fact_Sheet_North_and_Central_America.pdf

H5Center for Climate and Energy Solutions (n.d.). Hurricanes and Climate Change. Available from: https://www.c2es.org/content/hurricanes-and-
climate-change/

H6Center for Climate and Energy Solutions (n.d.). Hurricanes and Climate Change. Available from: https://www.c2es.org/content/hurricanes-and-
climate-change/

H"7James, P (2017). Analysis of Beach Changes in Antigua and Barbuda. Available from: https://chm.cbd.int/api/v2013/documents/AC193FF3-
9E09-E877-305C-7F5C18EAEAL7/attachments/207427/ANALY S1S%200F%20BEACH%20CHANGES%202009%20-
%202015%20%20%20FINAL.pdf

118 science (2014). Projected increase in lightning strikes in the United States due to global warming. Available at:
https://lwww.science.org/doi/10.1126/science.1259100
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By the 2050s a 1 in a 100-year flood event, is projected to increase to a mean flood depth of 0.36 feet
(0.11 m), from the present-day value of 0.20 feet (0.06m), and a maximum depth of 0.59 feet (0.18 m),
from the present-day value of 0.36 feet (0.11 m). Within Antigua, all parishes are projected to experience
an increase in flood depths, however, St. George’s is projected to experience the greatest increase,
from the present-day value of 0.26 feet (0.08 m) to 0.49 (0.15 m). Barbuda is also projected to
experience an increase in mean flood depth, from the present-day value of 0.33 feet (0.1 m) to 0.59
feet (0.18 m).

Table 11 summarizes climate data for a range of climate variables and indicators. Values were noted
for the present-day and the future projected scenario (2050, RCP8.5). Projections were noted for the

fiftieth percentile (P50™). A full list of data sources can be found in the CRVA report.

Table 11: A summary of present-day and projection (2050, RCP8.5) data for a range of climate variables and indicators. Source:
WTW, 2022.

Projected change in

Annual average annual average

Description of indicator

Climate variables

value value — P50th value
(2050’s RCP8.5)
Temperature Mean temperature 26.4°C +1.3°C
High Temperature Maximum temperature (Mean) 29.8°C +1.3°C
Extreme high Maximum of the daily maximum 31.1°C +1.1°C
Temperature temperature (Mean)
The number of consecutive days
Heatwave duration when the daily maximum
temperature exceeds the 95th 3.7 days +1.9 days
(P95 as threshold) ;
percentile of summer temperature
for more than 3 consecutive days.
Cooling degree days Cooling degree days (Mean) 64.8 times +28.4 times
Number of days when the daily
Heat threshold mean temperature exceeds >30°C 0 days +0.2 times
(Mean)
Precipitation Cumulative rainfall 970 mm -5 mm
Extreme
Precipitation Maximum 1-day rainfall 25 mm -2.1 mm
(intensity)
Extreme
Precipitation Maximum 5-day rainfall 60 mm -2.4 mm
(intensity)
Extreme Rainfall return period for a 1-in-25- 1-in-25-year event (generating +1-year Antigua
Precipitation year event (annual maximum 1-day 66 mm of rain in Antigua and
(frequency) rainfall) 64mm in Barbuda per year) +2 years Barbuda
Extreme Rainfall return period for a 1-in-50- 1-in-50-year event (generating +0 years Antigua
Precipitation year event (annual maximum 1-day 81mm of rain in Antigua and
(frequency) rainfall) 80mm in Barbuda per year) +3 years Barbuda
Dry spell duration Maximum numbg;;; consecutive dry 66.6 days +102 days

Table 12 summarizes present-day and future projection (2050, RCP8.5) data for a range of natural

hazards. A full list of data sources can be found in the CRVA report.

Table 12: Summary of present-day and projected data (2050, RCP8.5) for a range of natural hazards. Source: WTW, 2022.

Natural
Hazard

Description of indicator

Annual average

value

Projected (2050’s

RCP8.5)

Standardized Precipitation

Drought

Evapotranspiration Index (SPEI) -

0.00 SPEI

-0.08 SPEI

used as a proxy indicator to identify
surface water surplus or deficit (thus
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enabling the identification of drought
conditions).**°

Sea level

+ 0.27 m (ranging from 0.23m

rise Annual anomaly N/A -0.31m)
Tropical Intensity and frequency of tropical Increase in intensity (with
P Y q Y P 21 times (1970 to 2021) higher precipitation) with wind
storms storms ] )
speeds increasing up to 10%.
Landslides :\ilsulznber of days with ‘high’ landslide 0.5 days +3.5 days
+0.2 events/km?/year in
Lightnin 1.2 events/km?/year in Antigua Antigua
ev%nts 9 Average lightning density
0.8 events/km?/year in Barbuda +0.1 events/km?/year in
Barbuda
1985-2000: Erosion was the . . .
: An increase in coastal erosion
dominant trend. . ;
occurs during periods when
Coastal Qualitative |r_1f0rmat|on regarding 1995-2015: Accretion was the trop_lcal storm events occur,
. coastal erosion patterns and trends . and it has also been linked to
Erosion dominant trend.

2009-2015: Erosion was the
dominant trend.

SLR and increasing SSTs. If
these variables increase,
coastal erosion likely will too.

Sea surface

event.

temperature Annual sea surface temperature 26.7°C - 28.7°C (1998 — 2022) +1°C
Equivalent water height (EWH) is EWH is declining at an average
Groundwater used as a proxy indicator to identify annual rate of -0.04 to -0.13cm No data
the presence of groundwater. per year (2002-2022)
. _ Mean flood depth = 0.11 m
Flooding Flood depth for a 1 in 100-year flood Mean flood depth = 0.06 m Maximum flood depth = 0.18

Maximum flood depth = 0.10m

m

2.4 Risk modelling and mapping assessment

The following section includes maps of population density, asset locations, and highlights locations that

are exposed to present-day risks of natural hazard events (e.g., flooding, SLR), and areas that are

projected to become more exposed to these hazards in the future.

2.4.1 Population density and asset locations

Population Density

Population density across Antigua and Barbuda ranges from 1 to 9 and is measured by the number of
people living within an area of 323 square feet (30 sg. m) (see Figure 7).120 St. John’s is the most
densely populated parish in Antigua with an average population density of 3.9 and a maximum of 9. In

contrast, St. Philip’s parish has the lowest population density, with an average of 1.5 and a maximum

119 positive values are considered wet and negative values are considered dry. Values greater than 2 are considered extremely wet, 1.5 - 2 is very
wet, 1 - 1.5 moderately wet, — 1 to 1 normal, - 1.5 to — 1 moderately dry, — 2 to — 1.5 severely dry, and values below - 2 extremely dry.

120Facebook Connectivity Lab and Center for International Earth Science Information Network - CIESIN - Columbia University (2016). High
Resolution Settlement Layer (HRSL).

wtw
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of 2.7. Within Barbuda, the average population density is 3.1 and maximum is also 3.1 (located in

Codrington Village).

A

s St George Barbuda
St. John :

Population Density
(people per 30m?)

1
=2
3
4
5
s

7
0 25 Skm St. Paul 0 25 5km :e

| | K

St. Philip

Figure 7: Population Density across Antigua and Barbuda. Data from: Columbia University, 2016.

Table 13 highlights the average and maximum population densities within Barbuda and parishes within

Antigua.

Table 13: Population Density within Barbuda and parishes within Antigua. Source: Columbia University, 2016.

Area/Pa Average Population De a Population De
Barbuda 3.1 3.1
St. George 25 45
St. John 3.9 9.0
St. Mary 2.7 4.8
St. Paul 24 4.3
St. Peter 2.2 4.1
St. Philip 15 2.7
Housing

Within Antigua, most housing settlements are concentrated in St. John’s parish, especially within St.
John’s City. Other areas with high population density include: All Saints, Swetes, Falmouth, English
Harbour, Old Road, Urlings, Bolans, Jennings and Parham. These settlements are primarily coastal,
except for All Saints and Swetes which are central. Within Barbuda, the main and only settlement is
Codrington, which lies east of the Lagoon. Housing settlements align with population density (see Figure
8).
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Figure 8: Location of buildings within Antigua (left) and Barbuda (right). Source: ImageCat, 2020.

Figure 9 highlights the replacement costs of buildings in Antigua and Barbuda. The areas with highest
replacement costs are mainly situated around St. John’s City, within St. John’s parish in Antigua, with
costs of up to +US $250 million (+EC $675.6 million). Other areas with high replacement costs include
Five islands village, Jolly Harbour, Old Road, Piccadilly, Willikies, and Parham with costs of up to US
$100-250 million (EC $270.2-675.6 million). Within Barbuda, areas with high replacement costs are
situated in Codrington, with costs of up to +US $25 million (+EC $67.6 million), and Coco Point, with
costs of up to US $10-25 million (EC $27-67.6 million). Importantly areas under construction (e.g., Coco

Point) will increase in building replacement costs as the area continues to develop.

Replacement Cost Replacement Cost

(per square kilometre l(perlslquare kilometre
in Million USD 2020) in Million USD 2020)
[l oo

=] Mos-1

B 5 25-10

M 0 M 0-25

- .-

Figure 9: Replacement cost of buildings on Antigua (left) and Barbuda (right) (per square kilometre in Million USD 2020). Source:
ImageCat, 2020.

Roads

Antigua and Barbuda have primary and secondary road networks that include coastal and inland
roadways which are concentrated within areas of housing settlements and population density. Within
Antigua, the road network is most dense to the northwest of the island, within the parishes of St. John’s
and St. George’s. Barbuda Route-One highway connects the northeast of the island to the southeast,

the road network is most dense within and around Codrington (see Figure 10).
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Road Network
— Primary and secondary
Other road networks (tertiary, unclassified etc.)

Figure 10: Location of road networks within Antigua (left) and Barbuda (right). Data from: Columbia University, 2016.
Wastewater

Wastewater primarily consists of septic tank systems which are located on residential properties. As

such, domestic wastewater systems align with concentrations of housing settlements (Figure 8)

Energy

Antigua’s seventy-six oil storage assets are located within St. John’s parish and amount to a total value
of US $36 million (EC $97.3 million). One hundred and nine electric power assets are in St. Peter’'s (NE)
with a value of US $22 million (EC $59.5 million) (Figure 11). Antigua is in the process of building an
LNG Fuel Terminal which is expected to become operational in the second half of 2023.%* Moreover,
Antigua has two solar power facilities, one located at V.C. Bird International Airport and one at
Bethesda. Barbuda’s solar farm is located inland Northeast of Codrington off Route One, and the power
station (with three diesel generators producing 500 kilowatt) is located on the shoreline of the
Codrington Lagoon within the National Park.

2IAPUA (n.d). 40 MW LNG Fuel Terminal Project Launch Available from: http://www.apua.ag/40-mw-Ing-fuel-terminal-project-launch/
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Figure 11: The location of electricity, oil, and solar PV facilities on Antigua (left) and Barbuda (right). Source: WTW, 2023.

2.4.2 Hazard mapping
1in 100-year flood risk

Figure 12 highlights areas across Antigua and Barbuda that are exposed to flooding during a 1 in 100-
year flood event, while Table 14 demonstrates the mean and maximum flood depths, per parish, for
both present-day and the future scenario (2050, RCP8.5).

Table 14: Mean and maximum flood depths, per parish, for a 1 in 100-year flood event for present day and by the 2050s under
RCP8.5. Source: WRI, 2022.

Present Day Flood Projected Flood Change in Flood

depths (m) depths (m) — depths (m)

2050, RCP8.5
0.10 0.10 0.17 0.18 +0.08 +0.08
0.08 0.10 0.15 0.18 +0.07 +0.08
0.06 0.10 0.11 0.18 +0.05 +0.08
0.03 0.10 0.06 0.18 +0.02 +0.08

0.03 0.10 0.06 0.18 +0.03 +0.08
0.05 0.10 0.09 0.18 +0.04 +0.08

St. Philip 0.05 0.10 0.08 0.18 +0.04 +0.08
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Figure 12: 1 in 100-year flood exposure across Antigua (top) and Barbuda (bottom). Maps demonstrate flood exposure for
present-day (left) and projections for the 2050s under RCP8.5 (right). Source: WRI, 2022.

Relative to Antigua, Barbuda is exposed to the greatest mean flood depth as well as the greatest change
in flood depth from present day levels to the 2050s. Within Antigua, St. George’s, and St. John’s
experience the greatest mean flood depths, both for present-day and the future projected scenario
(2050), and the greatest change in flood depth. By the 2050s, flood depths from a 1 in 100-year flood
event are projected to increase across all parishes, and regarding flood extent, there is only a slight
increase in area. Areas northwest of Potworks Dam and north of Cedar Grove, which are not exposed

to flooding during a present-day 1 in 100-year event, are projected to be exposed by the 2050s.
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Figure 13: Housing, road and energy assets exposed to a 1 in 100-year flood event in Antigua (left) and Barbuda (right) by the
2050s under RCP8.5. Source: WTW, 2023

Figure 13 illustrates that flooding from a 1 in 100-year event overlaps with areas that have the greatest
concentration of housing settlements and highest replacement cost and areas with the highest roadway
density. Most settlements within St. John’s and St. George’s parish, and many of the primary and
secondary roadways are flood exposed. Additional flood-exposed settlements include Bolans and
Jennings (St. Mary’s parish), Piccadilly (St. Paul’s parish) and Parham and Pares (St. Peter’s parish).

Energy assets located in St John’s Parish are flood-exposed, while electric assets in St. Peter’s Parish
are outside the 1-100 year flood zone. Both of Antigua’s solar facilities, V.C Bird and Bethesda are
flood-exposed (see Figure 13).
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Codrington, the only settlement in Barbuda, has the highest population density, and the highest
concentration of housing settlements and road networks on the island. Much of the island is flood-

exposed, including the site of the Green Barbuda solar farm, located north of Codrington on Route-1.
Hurricane wind and surge risk

Loss estimates for hurricane wind and surge risk were modelled and calculated to reflect a) Average
annual losses, b) Losses triggered by a 1-in-100 year (1% probability) event, ¢) The Maximum

Foreseeable Loss (MFL), and d) Losses calculated in line with a historical event.
a) Average annual losses

Figure 14 highlights projected building stock exposure to hurricane wind and storm surge damage under
RCP8.5, over different time horizons, including present-day, 2030, 2040, 2050, 2060 and 2070 within
Antigua. Values reflect average annual losses from hurricane wind and surge damage across Antigua.
According to the 2050-time horizon, the areas projected to experience the greatest loss are
concentrated within St. John’s parish, specifically St. John’s city, with potential losses of at least US $5-
15 million (EC $13.5-40.5). Additionally, areas near Jolly Harbour, Piccadilly, Willikies are also subject
to considerable losses of at least US $2.5-5 million (EC $6.8-13.5). As shown in Figure 14, losses show

an increase from 2020-time horizon.

Loss in Millions (USD)
0
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Figure 14: Total replacement cost (USD) of building stock lost to Hurricane Wind and Surge under RCP8.5. Source: ImageCat,
2021.

Moreover, electric power assets, situated in St. John'’s are projected to increase from current losses of
approximately US $29,000 to $39,000 (EC $78,000 to $105,000) by the 2050s. Electric assets in St.
Peter’s have considerably higher loss exposure. Electric power facilities in St. Peter’s are currently
exposed to wind and surge induced losses of US $172,000 and $207,000 (EC $465,000 and $559,000)
respectively. However, changes in storm surge are projected to increase average annual losses driven
by this peril to US $455,000 (EC $1.2 million) by the 2050s, whereas wind induced losses are projected
to increase to US $201,000 (EC $543,000). Modelling shows that West Indies Oil Company facilities in
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St. John’s are exposed to wind induced losses, which are projected to increase over time from US
$212,000 (EC $573,000) today to US $294,000 (EC $795,000) by the 2050s.

b) Losses triggered by a 1-in 100 year (1% probability) event

Figure 15 reflects projected building stock exposure to hurricane wind and surge damage from a 1-in
100 year (1% probability) hurricane event. According to the 2050-time horizon, areas projected to
experience the greatest loss from hurricane wind and surge damage are heavily concentrated within
St. John’s parish, specifically St. John’s City, recording values of between US $200-450 million (EC
$540.5-1216.2 million). Additionally, areas near Jolly Harbour, Old Road, Piccadilly and Willikies are
also subject to considerable losses of at least US $50-100 million (EC $135.1-270.3 million). As shown
in Figure 15 values demonstrate an increase from the 2020-time horizon.

-
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Figure 15: Losses triggered by a 1-100 year (1% probability event), Antigua. Source: ImageCat, 2021

Regarding electric power assets, surge induced damage currently drives US $9 million (EC $24.3
million) in losses while wind damage amount to US $8 million (EC $21.6 million). Surge-induced losses
are projected to increase to US $12 million (EC $32.4 million), whereas wind is projected to decrease
to around US $7.5 million (EC $20.3 million). West Indies Oil Company assets in St. John’s are exposed
to wind induced losses of more than US $5 million (EC $13.5 million) and are projected to increase to
US $8 million (EC $21.6 million) by the 2050s. As they are located inland, they are not exposed to surge
damage.

¢) The Maximum Foreseeable Loss (MFL)

Figure 16 highlights building stock exposed to a credible event that would trigger the MFL. Areas
projected to experience the greatest losses, by the 2050s follow the housing settlement pattern and are
heavily concentrated within St. John’s parish, specifically St. John’s City, recording losses of at least
US $200-450 million (EC $540.5-1216.2 million). Additionally, All Saints, Swetes, Falmouth, Piccadilly,

English Harbour, Old Road, Urlings, Jolly Harbour, Bolans, Jennings, and Parham are also subject to
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considerable losses of at least US $50-100 million (EC $135.1-270.3 million). There is no significant

change from the 2020-time horizon.
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Figure 16: Building stock exposure to MFL. Antigua Losses in Millions (USD). Source: ImageCat, 2021

Electric power assets in St. John’s are exposed to losses of approximately US $3-4 million (EC $8.1-
10.8 million) and are not projected to change materially by the 2050s. However, the electric power
assets in St. Peter’s are driven chiefly by the impact of storm surges and amount to around US $15
million (EC $40.5 million), which is projected to increase to around US $16 million (EC $43.2 million) by
the 2050s.

d) Losses calculated in line with a historical event

Figure 17 highlights projected building stock exposed to a hurricane event similar to that of Hurricane
Irma (2017). According to the 2050-time horizon, the areas projected to experience the greatest loss
from hurricane wind and surge damage are situated around Codrington with losses of at least US $50-
100 million (EC $135.1-270.3 million). Additionally, Coco Point and Palmetto Point are subject to losses
of around US $5-10 million (EC $13.5-27 million) each. Losses in these regions are projected to

increase as the volume of building stock increases.
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Figure 17: Total replacement cost (USD) of building stock lost to Hurricane Wind and Surge under RCP8.5. Source: ImageCat,
2021.

Sea Level Rise (SLR)

Figure 18 highlights land areas that will be submerged if sea levels rise by 1 foot (0.3 m), in line with

2050 (RCP8.5) climate change projections.

B Betow waterlevel

Figure 18: Areas below water if a SLR of 0.3 metres occurs. Source: Climate Central, 2021.

In Antigua, areas that are projected to be below the water by the 2050s include Bethesda, areas north
of Parham, areas southwest of Five Islands village and areas around Piccadilly and English Harbour,
rendering the communities and assets within proximity to the coastline in these areas (including
housing, roads, wastewater, and energy infrastructure) at risk. In Barbuda, areas surrounding the

Codrington Lagoon, including Codrington Village, are at risk of being below the water by the 2050s.
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Figure 19 highlights projected building stock exposure to SLR, under RCP8.5, over different time
horizons, including present-day, 2030, 2040, 2050, 2060 and 2070 in Antigua. According to the 2050-
time horizon, the buildings that are projected to experience the greatest loss from SLR are located near
Jolly Harbour, Bolans, Old Road and English Harbour with losses of at least US $15 million (EC $40.5
million), in each area. Additionally, St. John’s City, Parham, Willikies, and areas north of Freetown are
subject to considerable losses. The total replacement costs of buildings exposed to flooding is expected
to significantly increase and will be highly localized to low elevation coastal areas. There is no

corresponding map available for Barbuda.
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Figure 19: Total replacement cost (USD) of building stock lost to SLR under RCP8.5. Source: ImageCat, 2021.

Draft Infrastructure and Housing SAP 45 wtw



e
DEPARTMENT of \g\

RN VIRCNMENT NAP

2.5 Potential climate change impacts to the infrastructure and
housing sectors

The following section details potential impacts to the infrastructure and housing sectors based on

historical impacts, key asset sensitivities, and climate change projections.

2.5.1 Housing

Key hazards: tropical cyclones, SLR, droughts

Antigua and Barbuda presently grapple with water scarcity,*?? and under climate change, water is
projected to become increasingly scarce, owing to rising average temperatures, increased heatwave
duration, more frequent and intense droughts, a decrease in total annual rainfall, and decreasing trends
in groundwater availability (Barbuda). Water is used in new home construction, for activities such as
concreting, floor laying, and plastering, and a reduction in water availability may in turn increase costs
associated with construction. A reduction in water availability is also projected to have a considerable
impact on the liveability and functionality of households, as they rely on water for domestic activities
such as cooking, bathing and sanitation, cleaning, laundering, and watering the garden (creating further
implications for food security). Ultimately, a national water deficit could be met by increasing desalinated
water production, yet desalination is expensive, and not always reliable (e.g., operations shut down
during periods of high turbidity). Desalinated water costs five times as much as surface water and seven
times as much as groundwater.’* In Barbuda, groundwater may become increasingly scarce and

therefore saline, reducing applications for non-potable purposes such as irrigation and cleaning.

Tropical cyclone intensity is projected to increase and will be accompanied by higher
precipitation, thereby increasing risk and consequent loss and damage to the housing sector.
In the last fifty years, the number of tropical storms that made landfall within 500 miles (805 km) of
Antigua and Barbuda, increased from 1 in 1972 to 7 in 2021, with the last 20 years marking a clear
increase in the average annual frequency of tropical storms categorized as 2 or higher on the Saffir-
Simpson Scale. Homes located in low-lying areas (e.g., Codrington) are likely to sustain greater damage
from hurricane-induced rainfall and consequent flooding, (particularly in the absence of adequate
drainage systems) and coastal homes are vulnerable to stronger storm surge. Areas that are projected
to experience the greatest economic losses due to hurricane wind and surge damage are concentrated
within St. John’s parish, specifically within St. John’s City, with annual loss values of at least US $5-15
million (EC $13.5-40.5 million). Additionally, buildings near Jolly Harbour, Piccadilly, Willikies are
projected to incur losses of at least US $2.5-5 million (EC $6.8-13.5 million) (see Figure 14, in section
2.4.2 Hazard mapping). Further, poorly constructed homes, including homes made of low-grade
materials and not constructed to code, are unlikely to withstand the impacts associated with high-

intensity hurricanes. Limited insurance uptake may result in higher needs for disaster financing and

122The FAO defines Antigua and Barbuda as water-scarce, having less than 1000 m3 of freshwater resources per capita.
123yulnerability Assessment and Water Sector Adaptation Planning Project; Antigua and Barbuda Water Sector Adaptation Plan
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reconstruction costs, and greater sheltering requirements, post-disaster. For homeowners with access
to insurance, premiums may become prohibitively expensive in the future as the risk to financial
institutions becomes exceedingly high. In addition to the direct loss of homes, loss and damage will also
drive material shocks to the supply chain due to increased demand for supplies associated with repair

and reconstruction, leading to a lengthy recovery process.

Rising sea levels and coastal erosion are projected to have a significant impact on the housing
sector, particularly in Barbuda. Over the last twenty years, sea levels have pointed to a rising trend,
and are projected to increase by 0.89 feet (0.27 m) in 2050 under RCP8.5. Barbuda is especially
vulnerable to SLR due to its low-lying topography, and limited land area for sustaining communities
(with one-third considered inhabitable, one-third of the island characterized as highlands, one-third by
wetlands). Codrington, the capital and largest settlement on Barbuda, lies only 6m above sea level and
is located on the eastern side of the Codrington Lagoon. The lagoon once buffered the Codrington from
the impacts of SLR, surge, and erosion, however, the breach of the western sandbar affords the
community less protection, particularly as it continues to expand. Increases in SLR, coupled with
coastal erosion will increase damage to homes, and may create difficulty to access homes (e.g., if
roadways are damaged or destroyed), and will further reduce the land availability for future housing
settlements. In Antigua, buildings that are projected to experience the greatest economic loss from SLR
are located around Jolly Harbour, Bolans, Old Road, and English Harbour with losses of at least US
$15 million (EC $40.5 million), per area. Additionally, St. John’s City, Parham, Willikies, and areas north
of Freetown are projected to incur economic losses of at least US $2.5-5 million (EC $6.8-13.5 million)

(see Figure 19Figure 14, in section 2.4.2 Hazard mapping).

A projected increase in sea level rise will increase the salinity of Barbuda’s groundwater
supplies, and more frequent and intense droughts will adversely affect groundwater availability.
At present, groundwater is highly saline, although variable, with domestic wells recording salinity levels
as low as 250 ppm and as high as 10,000 ppm.*** Salinity values greater than 500 ppm are the upper
limit of desirability for drinking water*> and values below 2,000 ppm are considered acceptable for
irrigation.*® Increased salinity in groundwater will reduce availability for non-potable household purpose
including backyard gardening and livestock management, and will increase reliance on desalinated
water, which is costly and energy intensive, and or the purchasing of bottled water. Frequent and
intense droughts will impact recharge rates (in the absence of rainfall events) and drive greater demand

for groundwater extraction which in turn increases groundwater salinity levels.

A projected increase in flood depths associated with a 1 in 100-year flood event is likely to impact
many housing settlements located within St. John’s and St. George’s parishes. Flood-exposed parishes

within St. Mary’s include Bolans and Jennings, within St. Paul’s, Piccadilly, and within St. Peter’s,

124Boger, R., Perdikaris, S., Potter, A.E., Mussington, J., Murphy, R., Thomas, L., Gore, C. and Finch, D., (2014). Water resources and the historic
wells of Barbuda: tradition, heritage and hope for a sustainable future.

125Northern Territory Government Department of Land Resource Management. (2014). Water quality guidelines. Available from:
http://Irm.nt.gov.au/water/ground/people/guidelines#.Ua00T-tTvj

126FAQ. (No Date). Water Quality Evaluation. Available from: https://www.fao.org/3/t0234e/t0234e01.htm.
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Parham and Pares (Figure 13). Flooding can cause structural damage to foundations, damage electrical
and cooling systems, interior furnishing, and create optimal conditions bacteria, mold, and termites.
Flood duration and depth influence the degree of damage.

2.5.2 Wastewater

Key hazards: tropical cyclones, flooding

A projected increase in tropical cyclone intensity, by the 2050s, is projected to generate heavier
rainfall events? and stronger winds with hurricane wind speeds increasing by up to 10%. This
increases the risk of large wave formation, coupled with storm surge. Highly impermeable soils, in
population-dense areas (e.g., St. John’s) will be unable to sustain heavier volumes of rainfall or surge,
resulting in flash flooding, and the overflow of soakaways treating septic tank effluent. Further, the piping
of greywater and sewage effluent to municipal drainage systems in St. John’s will likewise result in
higher volumes of contaminated flood water in urban areas, which eventually recedes into waterbodies
and the ocean. In Barbuda, at-capacity septic systems may be overtopped resulting in flooding and
sewage effluent run-off into groundwater and the lagoon.

2.5.3 Roads

Key hazards: high temperatures, extreme rainfall, SLR and coastal erosion,

By the 2050s average annual maximum temperatures are projected to increase to 31.1°C, from
29.8°C (present-day value), and extreme annual maximum temperatures are projected to increase
to 32.2°C from 31.1°C (present-day value), and heatwaves are also projected to increase in
duration. Rising temperatures will accelerate the useful lifespan of roads, requiring more frequent
maintenance. Sustained high air temperatures, identified as 32°C and higher, can result in deterioration
of pavement integrity, such as softening, traffic-related rutting, and migration of liquid asphalt; and cause
the corrosion of steel reinforcements in concrete structures due to increase in surface salt levels, which

has been observed in Friars Hill Road and Airport Road in Antigua.*?

A projected increase in tropical cyclone intensity (characterized by higher wind speeds) and
heavier rainfall events will exacerbate existing vulnerabilities in roadways and drainage
systems. At present, heavy rainfall events routinely exceed drainage capacity and inundate roadways.
In the absence of adaptation measures, projected increases will further exacerbate existing
vulnerabilities. Extreme rainfall associated with tropical cyclones will rapidly exceed drainage system
capacity due to inadequate capacity to handle projected volumes of stormwater flow, and blockage of
drainage systems from debris and litter, leading to flooding of roadways and adjacent properties.
Additionally, stormwater runoff from upstream areas, which is generally not factored into road and

drainage planning and upgrades, will further exacerbate localized flooding. Extreme rainfall causes soils

127Rainfall events associated only with tropical cyclones

128Antigua and Barbuda | Department of Environment, Ministry of Health and the Environment (2017). A Blueprint for Adapting Road Infrastructure
to Projected Climate Extremes in Antigua and Barbuda. Available from: https://www.greenclimate.fund/sites/default/files/document/19040-
blueprint-adapting-road-infrastructure-projected-climate-extremes-antigua-and-barbuda. pdf
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to saturate, impacting the structural integrity of roads and supporting infrastructure, while promoting

landslides and slope failure, which in turn can destroy culverts, cut-aways, and entire road sections.

Future flood impact to roadways will not only be influenced by climate change but also increased
economic development, that is an increase in impermeable spaces (e.g., homes, buildings,
infrastructure assets), and a consequent reduction of natural flood mitigating systems (e.g., permeable
surfaces and obstruction of streams and wetlands). In many areas, urban expansion has not been
supported by drainage improvements (e.g., West Palm Beach and Bolans) — and a projected increase
in heavier rainfall events (associated with tropical cyclones) coupled with economic development*? will
increase this risk.*** While projections point to a negligible decrease in annual and wet season rainfall
(0.6% annual decrease and 2.3% decrease in the wet season), this is unlikely to have a beneficial
impact without drainage improvements and actions to manage road runoff. If fact, absent roadway and
drainage improvements, increased development will generate higher runoff rates which will in turn

exacerbate flooding even with precipitation projections point to a decreasing trend.

Hurricane force wind speeds (projected to increase by 10%) are likely to impact the structural
integrity of bridges and can cause trees and power lines to topple, damaging roadways and blocking
transport. Stronger wind speeds will also increase the risk of large wave formation on top of storm surge,
further increasing the risk of coastal roadway flooding and erosion. A projected increase in sea level
of 0.89 feet (0.27 m) by the 2050s, will further exacerbate this issue.

The extent of SLR impacts the roadways and road infrastructure is highlighted in Figure 18 in
Section 2.4.2 Hazard mapping, which is based on a projected 0.3m SLR for the 2050s. Within Antigua,
roadways close to the coastlines in Bethesda, areas north of Parham, areas southwest of Five Islands
Village and Piccadilly and English Harbour, are at risk of SLR. In Barbuda, roads surrounding
Codrington Lagoon, inclusive of roads in Codrington and section of Route-1 from River Dock to Princess
Diana Beach, are at risk of SLR.

A projected increase in flood depths associated with a 1 in 100-year flood event is likely to impact
road networks in St. John’s and St. George’s parishes. Flood-exposed parishes within St. Mary’s include
Bolans and Jennings, within St. Paul’s, Piccadilly, and within St. Peter’'s, Parham and Pares. Flooded
roadways increase the risk of water seepage and infiltration to road subsurface layers increasing the
risk of damage. Further, flood waters also increase soil saturation thus increasing the risk of road
destabilization. Flooding also increases the hydrodynamic pressure of the road, increasing the risk of

traffic congestion and accidents.

12%Fyture economic projections point to an annual constant growth rate of 1.6 % (GDP), from 2025 to the 2050s, as well as an increase in
population and the number of households and housing developments. Housing is projected to increase from around 30,000 (2011 census), to
around 40,000 by the 2050s.

30Caribbean Cooperative Measurement, Reporting & Verification Hub (2021). Baseline Specification Report. Available from:
https://climateactiontransparency.org/wp-content/uploads/2022/03/Output-F-Baseline-Scenario-Specification-Report.pdf
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2.5.4 Energy

Key hazards: high temperatures and heatwaves, drought, tropical cyclones, flooding

Increasing annual and seasonal temperatures, extreme high temperatures and longer heatwave
duration are projected to reduce the grid’s electricity transmission capacity and drive increased energy
demand for cooling, thereby putting greater pressure on the grid, and resulting in more frequent power

outages.

An increase in the intensity and frequency of drought events will accelerate demand for energy-
intensive desalination processes as catchments (Antigua) and groundwater (Barbuda) sources will fall
below extractable levels. Heightened demand for desalination water, and the energy that is required to
produce it, will result in greater stress on the transmission grid, potentially leading to both water

shortages and an increase in the frequency and length of power supply disruptions.

A projected increase in tropical cyclone intensity, with greater precipitation, and stronger winds,
will put above-ground transmission lines and power poles at greater risk of toppling causing damage to
other infrastructure and widespread power outages to customers. As power can take days, weeks, or
even months to restore, households and businesses will have to rely on back-up diesel generators or
off-grid renewable energy in the absence of centralized power supply. Live wires can also pose health
and safety hazards, and if fallen across roadways, can block the transportation of disaster relief
supplies. Solar panels are vulnerable to damage associated with high-intensity hurricanes; either
bursting directly from wind pressure or being hit and damaged by flying debris. 2 Modelling (see 2.4.2
Hazard mapping) shows that electric power assets within St. John’s and St. Peter’s are projected to
incur annual average losses of up to US $39,000 and $656,000 (EC $105,000 and $1.8 million,
respectively) by the 2050s, from the impact of wind and surge damage. Additionally, the West Indies
Oil Company facilities in St. John’s are projected to incur annual average losses of up to US $294,000
(EC $795,000) by the 2050s, primarily from wind damage. Wind turbines (of which there are none
operational at the time of writing) are vulnerable to blade loss and tower buckling.'*

A projected increase in flood depths associated with a 1 in 100-year flood event is likely to impact
oil storage assets in Antigua (see Figure 13 in section 2.4.2 Hazard Mapping), which will likely impact
operational processes including the ability to access the facility and import or export fuel supply (e.g.,
to Barbuda).» Additionally, both solar facilities located on Antigua, the V.C. Bird International Airport
and Bethesda solar farms, as well as the Green Barbuda solar farm on Barbuda, are within areas
projected to experience increased flood depths. Flooding can damage the back side of solar panels,
which comprise module junction box and the backsheet. Cables that connect solar panels to inverters

can also be damaged by flood waters.**

132 5plar.Com (2023). Can My Solar Panels Withstand a Hurricane? Available from: https://www.solar.com/learn/can-my-solar-panels-withstand-
a-hurricane/

133 Energy Unlimited, Inc. (2006). Variable Length Wind Turbine Blade. Available from: https://www.osti.gov/serviets

134 Splar Mango (2016). #1 Solar Guide. Available from: https://www.solarmango.com/2016/08/07/can-solar-panels-damaged-floods/
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Section 3: Sectoral Needs and Adaptation

Measures

Section 2 discusses climate vulnerabilities to Antigua and Barbuda’s housing, wastewater, roads, and
energy sectors. This section builds off the vulnerabilities to present sectoral needs that form the basis
of the adaptation measures — a series of activities that seek to enhance climate resilience across the

key sectors and their assets.

3.1 Sectoral needs to enhance climate resilience

Based on past climate impacts, present-day sectoral vulnerabilities, and climate projections, Table 15
details each of the key sectors’ adaptation needs in line with the possible outcomes of a worst-case
emissions scenario (RCP8.5) by the 2050’s. The table also captures relevant national and sectoral
development policies, plans, and priorities which will serve as entry points for adaptation measures.
Identifying sector needs as well as entry points into existing policy frameworks enables backcasting,
the process of starting from a desirable goal and working backward to identify strategic steps or actions

necessary to achieve that goal.

Table 15: Summary of sector needs and relevant national policies.

Relevant National and
Sectoral Development
Policies

Sector and Sector needs

asset

Climate Impacts and
vulnerabilities

Roads Rainfall  events, including  those Adequate planning and design of Public Works Department -
(drainage) associated with tropical cyclones, cause drainage systems to account for Public Utilities Act (Cap.359)
flooding to roadways and adjacent areas future climate-related impacts and Barbuda Local Government
due to inadequate design, a lack of upstream development (e.g., Act (1976)
routine drainage maintenance, and according to development Central Board of Health —
upstream runoff. projections). Litter Act (Cap.250)
Physical Planning Act, 2003,
Adequate maintenance of roads, Sustainable Island Resource
culverts, and drainage systems. Management Zoning Plan
(SIRMZP) 2012, Local Area
Plans (LAPs)
Draft stormwater drainage
code
Roads Coastal roads are vulnerable to SLR, Identify key coastal roadways and Public Works Department -
(coastal coastal erosion, and flooding from storm arteries vulnerable to flooding. Public Utilities Act (Cap.359)
roadways) surge which impacts the structural Central Board of Health —
integrity of roadways, connectivity, and Adequate planning, design, and Litter Act (Cap. 250)
driving and traffic conditions. maintenance of coastal roadways to SIRMZP, 2012
account for future SLR, storm surge Physical Planning Act, 2003
and erosion.
Roads Rising temperatures, both incremental Adapt roadways to withstand Public Works Department -
and extreme (i.e., heatwaves), canlead impacts associated with rising Public Utilities Act (Cap.359)

to the overall deterioration of pavements
through rutting, softening, blow-outs
(concrete pavements), and thermal
expansion and liquid asphalt migration.

temperatures and heat waves.
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Wastewater
(Septic tank
systems)

Housing

Housing

Housing

Energy

Energy
(transmission
grid)

Energy

Heavy rainfall events, including those
associated with tropical cyclones, cause
wastewater overflow.

Drought impacts water availability, which
impacts the livability and functionality of
households as they rely on water for
domestic activities (cooking, cleaning,
laundering).

Tropical force winds can tear off roofs,
cause structural components to collapse
(support beams, walls), and blow
lightweight houses off their foundations.

Extreme rainfall and associated flooding
can rupture electrical wiring and damage
doors, windows, and interior components
(e.g., flooring, appliances, furniture).

Homes may be destroyed beyond repair
and create a national housing shortage
and sheltering crisis.

Increases in sea level, coupled with
coastal erosion and associated flooding,
makes homes uninhabitable.

Further, housing connectivity (e.g.,
roadway access) may also be severed.

Tropical Cyclones (and associated
extreme rainfall events) damage energy
assets, above-ground transmission and
power lines, and sub-stations affecting all
grid users.

Drought increases the demand for
desalinated water, which puts additional
strain on the grid, making the network

vulnerable  to increased  service
disruptions.
Heatwaves drive increased energy

demand for cooling, overwhelming the
grid’s capacity and resulting in downtime

Develop policies and plans for
wastewater and sanitation, and
support associated capacity building
and expertise

Adequate planning, design, and
maintenance of domestic
wastewater systems (e.g., septic
tanks).

Centralized sewage systems in
densely populated areas

Widespread uptake of water-efficient
appliances to improve water
efficiency in homes

Monitoring and testing of well-water
(Barbuda)

Design and construct hurricane
resilient housing, e.g., deployment of
building supplies and technical
persons to support rebuilding efforts,
and financing to provide loans and
grants for homeowners.

Support homeowners pre- and post-
disaster through risk financing
mechanisms (e.g., insurance), safe
temporary housing, and clean up
waste and debris that can damage
housing (e.g., hurricane damaged
and derelict housing)

Avoided development in flood prone
areas.

Policies and plans to relocate
vulnerable communities exposed to
coastal flooding.

Safeguards  for housing in
Codrington Village

Safeguard energy assets from
hurricane-induced impacts
Safeguard transmission lines from
extreme weather events (i.e.,
through underground cabling
systems)

Uptake of renewable energy to

decentralize power systems and
avoid system-wide downtime

Greater uptake of renewable energy,
including adequate battery storage,
for energy intensive desalination
processes, to reduce supply-related
disruptions

Decentralize energy distribution,

through microgrids or renewable
energy sources
Update aging infrastructure to

reduce transmission related issues

Public Health Act
Voluntary National Review
(VNR)

National Integrated Water
Resources Management
Roadmap

Barbuda Master Plan

Antigua and Barbuda’s Third
National Communication to
the UNFCCC

OECS Building Guidelines
National Policy Statement on
Water and Wastewater (2015)

Physical Planning Act, 2003
OECS Building Guidelines
Antigua and Barbuda’s Third
National Communication to
the UNFCCC

Barbuda Master Plan

SIRMZP
LAPs

Green Barbuda

Social Inclusion and
Investment Programme
Antigua and Barbuda
Renewable Energy
Roadmap; 2021

Antigua and Barbuda
Renewable Energy
Roadmap; 2021

Antigua and Barbuda
Technology Needs
Assessment

Renewable Energy Act
Nationally Determined
Contributions

Antigua and Barbuda
Renewable Energy
Roadmap; 2021

Antigua and Barbuda
Technology Needs
Assessment

Renewable Energy Act
Nationally Determined

Contributions
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3.2 Sectoral adaptation measures to enhance climate resilience

Adaptation measures fall under a range of categories, as denoted in Table 16. Generally, ‘softer
adaptation measures such as feasibility assessments are precursors to determining whether ‘hard’ or
physical measures such as engineered/hybrid and ecosystem measures are feasible. In certain
contexts, feasibility assessments will have already been completed. For example, the University of
DeMontfort completed a wind energy feasibility study in Barbuda (as per the Barbuda Council) and
implementing hurricane-resilient wind turbines may be appropriate, following the outcomes of the initial
feasibility studies. Adaptation measures may be cross-cutting and can be implemented in tandem with

other measures.!®

Table 16: Categories of adaptation measures and examples. Source: IPCC, 2014.

Category Definition Example adaptation measures
Physical Physical adaptation technologies and strategies that are Construct seawalls and increase
developed by engineers and multidisciplinary teams the height of the causeway.
including architects, planners, legal experts, etc.
Commonly expert-driven, capital-intensive, large-scale,
and highly complex.
Maintenance Routine works to maintain optimal performance of Removal of debris in drainage
infrastructure assets systems

Ecosystem-based The use of biodiversity and ecosystem services Mangrove afforestation

/ hybrid
Financial The use of economic instruments such as taxes, Parametric insurance policy
subsidies, insurance arrangements, social policies, and
regulations.
Informational Adaptation knowledge dissemination at all levels from Early warning systems and climate
small groups of individuals to large institutions through forecasting
awareness raising, extension, outreach, community Feasibility assessments
meetings, and other educational programs.
Capacity Measures to optimize or increase human-capacity and Educational and training programs
required skillsets to enhance climate resilience
Institutional / The use of decision-making and adaptation planning Review policy and standards;
administrative  / tools such as laws, regulations, and planning measures capacity building; ccommunity and
policy [/ socio- stakeholder engagement
technical

Adaptation measures focus both on direct actions to strengthen asset resilience (e.g., design roads
with permeable materials to reduce flood impact), adjacent measures that support asset resilience
(e.g. construct culvert’'s alongside roadways to support flood reduction) and upstream actions that

reduce risk and strengthen resilience albeit indirectly, and often with benefits to other sectors (e.g.,

135|PCC (2014). Adaptation needs and options. Available from: https://www.ipcc.ch/site/assets/uploads/2018/02/WGIIAR5-Chap14_FINAL.pdf

wtw
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ensure that developers account for and mitigate runoff associated with new developments and a

consequent reduction in permeable space, to mitigate downstream flood risk).

3.3 Prioritized sectoral adaptation measures

A long list of adaptation measures for the four key sectors was presented to stakeholders. Following a
stakeholder-validated multi-criteria analysis, the long list was prioritized to deliver the highest-impact
portfolio of adaptation measures for roads, wastewater, housing, and energy sectors which are
respectively presented below.

3.3.1 Sectoral adaptation measures to enhance climate resilience

Table 17 illustrates the objectives associated with increasing climate resilience to each sector's
respective climate risks.

Table 17:Sector-wise objectives

Sector Objectives

Roads To ensure that roads and drainage systems can withstand future impacts associated
with flooding, hurricanes, extreme heat, and SLR

Wastewater Protect public health and the environment by ensuring adequate wastewater treatment
and disposal systems that can withstand future flood impacts.

Housing To enhance the resilience of housing assets, homeowners, and the services that they
depend on (e.g., water, electricity) to hurricanes, flooding, and drought.

Energy To enhance the resilience of Antigua and Barbuda’s domestic energy supply to
hurricane events, droughts, flooding, and rising temperatures.

Given the sectoral objectives, and the various entry points for each sector (Table 15) and the identified
climate hazards (Section 2), the following tables present adaptation measures, along with their
corresponding climate hazard (e.g., tropical cyclone), category (e.g., physical, financial), and location
(e.g., Antigua, Barbuda). The table also incorporates a results chain approach where the anticipated
outcome (short- and medium-term) and anticipated impact(s) are denoted. Oftentimes, the long-term
impacts of adaptation measures extend beyond enhancing asset resilience, and result in positive

externalities to communities and ecosystems.

Table 18: Housing: Summary of prioritized adaptation measures.

Adaptation measure Location Category Associated Anticipated Anticipated
climate outcome (short impact (long
hazard(s) & medium term) term)

Obtain financing to complete the Barbuda Physical Flooding Homes are Adequate housing

construction (specifically Hurricane protected against stock that is resilient

plastering) of the 104 EU funded flooding to rainfall, flood, and
homes, constructed post-hurricane hurricane  events,

Irma to mitigate flood water and does not

intrusion associated with heavy deteriorate as

rainfall events quickly
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Provide homeowners with financial Antigua Financial Hurricane Increase Reduced impact to
incentives (e.g., tax breaks, credits, and homeowners' the housing sector
low interest loans) to build or retrofit Barbuda accessibility to and households
homes so that they are hurricane- finance dedicated to (e.g., physical
resilient (e.g., reinforce two rooms, build or retrofit damage and need
one with plumbing and one to sleep hurricane resilient for shelters)
in). homes associated with
hurricanes and
flooding
Enhance awareness of insurance Antigua Informational  Hurricane Enhanced Increased uptake of
eligibility, policyholder and awareness and insurance to protect
responsibilities, terms of reference, Barbuda understanding  of homeowners
and coverage the benefits and against climate-
terms of insurance related risks
among
homeowners
Design of a pilot program of micro Antigua Financial Hurricane Understand viability If successful,
parametric insurance schemes for and of parametric additional financial
homeowners. Barbuda insurance scheme resources are
for homeowners available to cover
damages caused to
homes by climate-
related hazards
Develop a comprehensive Barbuda Physical Hurricane Removal and Reduced loss and
community-led and community- disposal of derelict damages to building
informed plan to restore and housing stock from derelict
condemn derelict and hurricane- housing and debris
damaged housing in Codrington, from hurricanes
which includes cleaning up debris
and adequately disposing of
materials.
Develop and maintain an up-to- Antigua Informational  Hurricane Up-to-date Prioritization of key
date inventory of derelict housing in database on areas to condemn
Antigua (including locations and derelict homes or convert into
land titles) as a precursor to plan available to social housing to
and prioritize condemnation of facilitate reduce hurricane-
derelict homes (including the option condemnation  or induced damage to
to assess feasibility of converting conversion into housing and
homes into social housing). climate-resilient infrastructure stock
social homes
Provide financial incentives for Antigua Financial Hurricane Incentives in place A higher proportion
homeowners to build new homes and Drought to make homes of new homes are
with cisterns, rather than rain Barbuda more hurricane - constructed with
barrels which are vulnerable to resilient cisterns versus rain
hurricane impacts (flying away). barrels
Enforce  coastal development Antigua Administrative SLR Future coastal Improved coastal
setbacks for beaches and and , Flooding developments resilience which in
coastlines so that structures are not Barbuda Policy, adhere to coastal turn safeguards the
built in ecologically sensitive areas capacity setbacks housing sector and
that compromise resilience. other infrastructure
assets from SLR
and hurricane
induced damage
Enhance enforcement capacity Antigua Capacity Hurricane Enhanced New housing
within the DCA to enforce the SLR enforcement developments are
building code in Antigua (e.g., to Flooding capacity to ensure constructed and
inspect each phase of housing that homes are sited as per the
development and properties for constructed in line building code,
compliance, to enforce adequate with the building enhancing sector-
setbacks both from roads and code wide resilience
adjacent structures in cities and in
coastal areas, to prohibit
development on lands less than
0.13m above the SLR risk line, etc.)
Re-instate the Barbuda Planning Barbuda Capacity SLR Re-instated Houses are built to
Commission and employ an Flooding Planning code, thereby
inspector (e.g., engineer, architect, Commission and increasing
or draftsman with in-depth Inspector resilience of the
knowledge of the building code) to housing stock
enforce the building code.
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Create licensing and certification Antigua Administrative Hurricane Certified New builds are
for contractors and builders to build and , SLR contractors highly resilient to
homes in line with climate resilient Barbuda Policy, Flooding equipped with the climate impacts,
building practices as per the OECS Capacity knowledge and minimizing overall
Building Code skills  to build damage to the
Reduce barriers to access by climate-resilient housing sector
providing comprehensive education housing as per the Reduced
and training for contractors to building code requirements  for
acquire the necessary skillset. sheltering and

disaster assistance
post- hurricane

Information dissemination to Antigua Informational  Hurricane Up-to-date Increased number
homeowners on climate resilient and SLR information of homes are
housing and construction as Barbuda Flooding available to constructed with
outlined in the building code. (e.g., homeowners best practices as
information on how to hire a regarding best per the building
contractor and draftsmen; DCA practices for code.
inspection process; setbacks for climate-resilient
septic tank systems; material houses and the
selection and other ways to construction
enhance resilience if affordability is process
an issue (e.g., potential financial
incentives)
Develop incentive programs for Antigua Financial Drought Availability of Greater uptake of
homeowners to increase water and financial incentives water efficient
efficiency (e.g., through purchasing Barbuda to purchase water- appliances
water-efficient appliances). efficient appliances
Fund educational campaigns Antigua Informational Drought Widespread Greater adoption of
and/or programs to raise and information targeted water conservation
awareness of household water Barbuda at households to practices

management and practices to
implement, particularly during dry
days / drought periods

conserve water
during drought

particularly  during
drought periods

Table 19: Roads: Summary of prioritized adaptation measures

Adaptation measure

Location

Category
climate
hazard(s)

Associated Anticipated
outcome (short &
medium term)

Anticipated
impact
term)

(long

Develop a culverting system Barbuda Physical, Flooding Culverting system is Reduced instances of
and an associated administrative planned and flooding in roadways
management plan implemented in key and adjacent areas,
areas to reduce roadway and reduced
flooding maintenance and
repair requirements
Routine clean-up of Antigua and Maintenance Flooding Reduced litter in drains Increased efficacy of
litter/debris that clogs drainage Barbuda and culverts drainage systems to
systems and culverts, handle rainfall flows,
particularly in preparation for and a consequent
an extreme rainfall event (e.g., reduction in flooding
tropical cyclone). and recurrent
Removal of vegetation that maintenance
blocks culverts, and de-silting expenditures and
of drainage systems. disruptions
Undertake a comprehensive Antigua and Administrative Flooding Identification of areas Prioritize, assess,
study to increase drainage Barbuda where inadequate and undertake
capacity along roadways drainage  exists  in drainage
where inadequate drainage consideration of present enhancement (public
exists, to account for projected day and future climate works) in key areas
water flows under future change impacts resulting in reduced
climate change. flooding
Increase capacity of MWH to Antigua and Administrative Hurricane Increased capacity Future roadways are
plan and design climate Barbuda SLR within MWH to plan and planned and
resilient roadways in Flooding design climate resilient designed to be
anticipation of future climate roadways climate-resilient,
impacts and enhance reducing disruption
coordination with other
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agencies (e.g., APUA) that and maintenance
impact roadway construction requirements
and maintenance Improved Cross

agency coordination
for public works.

Ensure that future road Antigua and Physical Flooding Future roadway Roads are upgraded
upgrades are designed to Barbuda upgrades incorporate to be flood resilient
account for hard surface runoff projections on

in development projections

anticipated hard surface
runoff

Enact policies to prohibit future Antigua and Administrative SLR Policies in place to Reduced risk of loss,
road and public infrastructure Barbuda prohibit road and damage, and
development in areas of infrastructure stranded assets
projected SLR. development in areas of

projected SLR
Undertake a study to identify Antigua and Administrative SLR Identify coastal Planning and

which segments of coastal
roadways are at the greatest
risk of coastal erosion and
SLR. Define which adaptation

Barbuda

roadways vulnerable to
SLR and an assess
appropriate adaptation
measures

implementation of
prioritized adaptation
measures to reduce
roadway exposure to

measures are most SLR.
appropriate for at-risk road
segments (e.g., relocate
existing roads, elevate
roadways, coastal defenses
green and gray)

Ensure that the design of
future coastal roadway
accounts for SLR and coastal
erosion in the design phase
(and  considers  required
maintenance works)

Increased  awareness reduction
among youth of waste
reduction and adequate

disposal

Hurricane
Flooding

Youth education programs to
reduce waste and avoid
littering in roadway and
drainage systems.

Antigua and Informational
Barbuda

Significant
of waste in public
spaces and
enhanced functioning
of drainage systems

Table 20: Wastewater: Summary of prioritized adaptation measures.

Adaptation Location Category Associated  Anticipated Anticipated impact
measure climate outcome (short & (long term)
hazard(s) medium term)

Develop a national Antigua and Administrative Flooding Climate-resilient Adequate regulatory

wastewater Barbuda / Policy Hurricane national wastewater framework to support the

management and Drought management and policy.

sanitation policy that sanitation policy in place

integrates climate

change

considerations  and

local knowledge.

Specifically, to reduce

wastewater  spillage

following heavy

rainfal  and flood

events.

Develop an Antigua and Administrative Flooding Implement actions Eliminate wastewater

associated Barbuda / Palicy Hurricane detailed in the national spillage associated with

wastewater and Drought wastewater heavy rainfall events.

sanitation action plan management strategy Improved health  of

and ecologically fisheries, and marine

sustainable ecosystems (e.g., coral

framework that reefs, wetlands,

integrates climate seagrass), and a

change adaptation reduction of

planning eutrophication caused by
algal blooms and red
tides.
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Promote  household
greywater reuse under
hygienic and safe
conditions by
educating and
incentivizing
homeowners (e.q.,
subsidies included in
mortgages) to install
low-cost and low-
maintenance grey
water treatment,
which can be used for
irrigation  and/  or
cleaning.

Address greywater
reduction at the point
of use by including
water efficient fixtures
in  new residential
development

Centralized sewage
system in St. John’s
City that collects both
sewage and grey
water to reduce flood
impacts in St. John’s
City.

Upgrade existing 2
chamber septic tank
systems to a 4-
chamber system with
soak aways and drain
fields, including
managed wetland
systems.

Adoption and
enforcement of
building and siting
guidelines that specify
the design and
maintenance
requirements for
residential wastewater
treatment systems

DCA
inspectors
Barbuda
Commission
inspectors  conduct
site visits to ensure
that  septic  tank
systems are sized and
sited correctly (e.g.,
adherence to
setbacks as specified
in the Building Code)
and CBH capacity to
ensure that systems
are correctly
maintained

Building
and
Planning

Antigua and Financial

Barbuda

Antigua
Barbuda

and Physical

Antigua Physical

Barbuda Physical

Antigua
Barbuda

and Capacity

Drought

Drought

Flooding

Flooding

Flooding
Hurricane

Increased availability of
financial incentives for
households to install
greywater treatment
systems.

Increased uptake of
water efficient fixtures
(versus conventional)

Planning, procurement,
and public works to
construct a sewage
system in St. John’s

Widespread adoption of
four chamber systems
leading to an
improvement in public
health and the marine
environment.

Wastewater treatment
systems (e.g., septic
tank systems) are sited,
constructed, and
maintained (CBH)
according to approved
plans

Reduction in water usage,
enhanced water
conservation

Reduction in water waste,
enhanced water
conservation

Elimination of wastewater
overflow into St. John’s
city and harbor, and a
consequent improvement
in public health and the
marine environment

Reduction of septic tank
overflow during flood
events and a reduction in
consequent impacts to
human health and the
environment.

Reduction in wastewater
overflow and consequent
health and environmental
consequences.
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Table 21: Energy: Summary of prioritized adaptation measures

Adaptation measure

Category Associated

climate
hazard(s)

Anticipated
outcome (short
& medium term)

ﬁw_,.
%

Decentralize energy
distribution through
microgrids and renewable
energy technologies (e.g.,
solar PV)

Incentive scheme for
renewable energy, particularly
for installations of greater than
5KW (e.g., through a one-to-
one buy and sell ratio)

Adequate battery storage for Antigua and Physical
solar power plants to ensure Barbuda

grid stabilization and energy
storage

Investigate feasibility of wind Antigua and Informational
power (off-shore and land Barbuda

based), that incorporates

hurricane-resilient design
(e.g., blades that can fold
down) and siting

considerations

Antigua and Financial

Antigua and Administrative/ Flooding

Policy Hurricane
Physical Drought

Flooding
Hurricanes
Drought

Flooding
Hurricanes
Drought

Hurricanes

Reduction of energy
supply disruptions
following  extreme
events.

Increased
installation of
renewable energy
technologies,
particularly for
users >5kwh

Increased
performance of the
solar power plants
with  respect to
installed  capacity
and larger
contribution of solar
energy to the
centralized grid

Undertake wind
feasibility
assessment

Anticipated
impact (long
term)

Greater energy
independence, less
disruption, and

faster post-disaster
recovery (aided by
a more resilient and
decentralized
energy system)
Improved
functioning of the
centralized grid,
due to reduced
users and demand

Greater energy
independence, less
disruption, and

faster post-disaster
recovery (aided by
a more resilient and
decentralized
energy system)
Improved
functioning of the
centralized grid,
due to reduced
users and demand

Greater proportion
of grid-energy is
fueled by renewable
power

Greater energy
independence and
reduced reliance on
imported fossil fuels
(diesel and natural
gas) which are
vulnerable to
climate change
disruption through
transport (at sea)
and storage, as
facilities are
exposed to climate
risk

If feasible, develop
project proposal
and financing
mechanisms
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Section 4: Financing Sectoral Adaptation

4.1 Introduction

Antigua and Barbuda’s objectives to build climate resilience and develop sustainability, are challenged
by the nation’s high exposure to climate risk, a high debt to GDP ratio, a small tax base, and limited
fiscal space to manage economics shocks, such as COVID-19. To date, Antigua and Barbuda’s climate
adaptation has been primarily financed through grants, but given the country’s adaptation needs, it is
essential to identify alternative sources of funding and financial instruments. Therefore, any financing
strategy must (a) identify the full spectrum of appropriate sources of available and accessible funding
with due consideration of Antigua and Barbuda’s fiscal barriers, challenges, and opportunities, (b)
enhance the capacity and resources to manage, access, use, and disburse available capital, and (c)
increase the country’s attractiveness to blended finance, private capital, regional or international
financial markets, debt markets, and foreign direct investment to spur capital inflow and bring in

revenue.

This chapter outlines a financial strategy for the Infrastructure and Housing SAP, which includes an
overview of the most relevant sources of finance available for SAP implementation and potential
sources of finance for the proposed adaptation measures. This approach is intended to be a living
document, open to flexibility and the inclusion of additional options to finance adaptation measures.

Lastly, it must achieve sectoral policy goals while Building Back Better.13¢

4.1.1 The need for a financing strategy: Antigua and Barbuda’s fiscal barriers,

challenges, and opportunities

Antigua and Barbuda is committed to making finance flows consistent with a low GHG emissions and
climate-resilient pathway (Article 2 of the Paris Agreement). However, financing climate adaptation is a
challenge despite Antigua and Barbuda’s recent graduation from “low-middle income” to “high-income”
country status.'3” The low-lying twin islands remain financially vulnerable to economic shocks caused
by climate change and natural disasters. As illustrated in Box 1, part of this challenge is attributed to
Antigua and Barbuda’s geographical exposure to extreme weather events that regularly impact the

Caribbean and are projected to increase in severity and frequency (see section

2.3 Climate change projections). Additional challenges stem from the country’s economic condition,

such as limited fiscal space in government budgets, a decline in GDP and high rates of public debt.

136Bild Back Better: The use of the recovery, rehabilitation and reconstruction phases after a disaster to increase the resilience of nations and
communities through integrating disaster risk reduction measures into the restoration of physical infrastructure and societal systems, and into
the revitalization of livelihoods, economies, and the environment.

7|nstitute of Development Studies. (2019). How losing access to concessional finance affects Small Island Developing States (SIDS). Available
from: https://assets.publishing.service.gov.uk/media/5d41b473ed915d09de9d1af4/626_SIDS_graduation_impacts_losing_concessional_finan
ce.pdf

Draft Infrastructure and Housing SAP 60 wtw



DEPARTMENT o \
ENVIRONMENT B,

Antigua and Barbuda

These contributing factors make it difficult to address growing investment needs and increase the
financial attractiveness of the twin islands to international financial markets, debt markets, and foreign
direct investment.

Box 1: lllustrative examples of Antigua and Barbuda’s vulnerability to external shocks:

Geographic exposure: In 2017, the total value of damaged assets from Hurricanes Irma and Maria represented
US $136.1 million (EC $367.8) with recovery needs amounting to US $222.2 million (EC $600.5) — and 35% of
this recovery cost was solely directed to the cost of repairing (or in the case of Barbuda, reconstructing

altogether) homes.

Economic exposure: Antigua and Barbuda’s economy is highly dependent on tourism revenue (representing
48% of GDP in 2019) and all sectors experience major financial decline associated with emergency public health
measures arising from COVID-19. Antigua and Barbuda’s GDP declined by 20% in 2020 following impacts from
COVID-19, and public debt peaked to 102% of GDP in 2021.

Global Facility for Disaster Reduction and Recovery (2017) Hurricane Irma and Maria Recovery Needs Assessment for Antigua and Barbuda. Link
Caribbean Development Bank (2020) Country Economic Review 2020. Link 3
International Monetary Fund (2022) Antigua and Barbuda: Staff Concluding Statement of the 2022 Article IV Mission. Link

Although Antigua and Barbuda face complex financial challenges, the country is well-positioned to
access, manage, and attract a range of funding sources to finance and implement adaptation measures
listed in this SAP. This is evidenced by their global leadership in climate action, such as chairing the
Alliance of Small Island States (AOSIS) and being the first nation in the Caribbean to become a DAE
to the GCF. In addition, Antigua and Barbuda is well-positioned because they have a strong enabling
environment with supporting policies; are capable of managing ODA whether in the form of
international grants and concessional loans, or public climate finance from bilateral and multilateral
funds; and are keen to mobilize private and blended sources of finance from international capital

markets (see Figure 20).

Successful track record of

T KRN accessing international

Initiatives to attract capital
from external sources

policy across I&H sectors

finance

« Transition to a domestically- * Caribbean Development Bank * Restructuring debt through a
sourced renewable energy sector (CDB) debt-for-climate swap to access
by 2030 « United Kingdom's Foreign, international finance

 Improve and prepare government Commonwealth & Development * Developing the Climate
buildings for extreme climate Office (FCDO) Resilience and Development
events, including drought, « United Nations Development Fund (CRDF) to support climate-
flooding and hurricanes by 2030 Fund (UNDP) resilient tourism and disaster-

« Implement the updated Building « United Nations Environment responsive action through levies
Code by 2025 Programme (UNEP) * Developing the Sustainable

« Protect waterways from flood risk - Green Climate Fund (GCF) Island Resource Framework
by 2030 - Adaptation Fund (AF) (SIRF) Fund to finance climate-

« Enhance climate resilience of - Global Environment Facility resilient homes through donor

agencies, national budget,

critical road infrastructure in (GEF)

Antigua and Barbuda electricity sales revenue, etc.

Figure 20: Examples of opportunities that continue to support channelling climate adaptation finance to Antigua and Barbuda
(non-exhaustive).
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4.2 Possible financing sources for adaptation measures in key
sectors

The following section describes possible financing sources for adaptation measures in Antigua and
Barbuda (Figure 21).

Specific
climate
finance funds

and facilities .
Innovative

financial
mechanisms

Multilateral
development
banks

Sources of
available
finance

Private sector
investment

National
budget

Figure 21: Ecosystem of available financing sources for adaptation measures in key sectors.

National Budgets

As previously mentioned, Antigua and Barbuda has a high debt-to-GDP ratio yet has still managed to
allocate finance towards climate resilience in energy, housing, wastewater, and roads (the ‘key
sectors’). Antigua and Barbuda’s annual public expenditure related to climate mitigation and adaptation
represented 3% of the total budget (amounting to US $10.7 million/ EC $28.9 million) from 2014 to
2017, and majority of this spending was directed to adaptation actions. While the national budget
remains a viable option for financing adaptation actions, reliance on the domestic government budget

should be low and strategic.

Typically, hard infrastructure or engineered solutions (e.g., engineering road-adjacent culverting
systems or burying power cables) require a major one-off capital investment in the first year, and
recurrent public spending over the investment’s lifetime through operations and maintenance, regular
servicing, and loan repayments. In cases of external borrowing where guarantees are required, there
are certain instances or configurations of financial structures that would guarantee financial
sustainability after an initial investment and/or financing from national budgets. For example, project
finance for renewable energy projects which accrue revenue over the asset’s lifetime (and can then pay
back the original loan) makes a good business case for external borrowing as it demonstrates financial
sustainability. Lastly, it should be noted that while public utilities such as electricity, water, and

telecommunications require hard infrastructure solutions, these public utilities are state-owned
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enterprises (SOE) that receive off-budget spending and are strong candidates for co-financing through

mobilizing additional private finance.'®8

In addition, building institutional capacity or raising awareness for activities that are explicitly
related to climate change are also well-suited for climate-related public expenditure given they are
highly relevant to delivering specific climate-resilient outcomes.139 A strong example of a climate-related
investment into capacity-building could include accreditation and licensing for contractors to build
climate-resilient homes as per the OECS Building Code. However, capacity building without a strong
climate rationale should not be prioritized by the national budget. This could include implementing
adaptation measures that have an indirect link to climate impacts, such as installing water-efficient
fixtures in new residential developments. This measure, for example, would address wastewater

reduction at the point-of-use but not necessarily advance specific climate-resilient sectoral measures.

Grants and concessional finance through multilateral development banks

While Article 9, paragraph 4 of the Paris Agreement stipulates that the provision of scaled-up financial
resources should consider the need for public and grant-based resources for adaptation, it is nationally
understood that international grants and concessional finance!4® are insufficient to meet Antigua and
Barbuda’s climate finance needs.'#! Grants and concessional finance typically come from official ODA
and can be applied to almost all adaptation measures. However, Antigua and Barbuda officially
graduated from ODA on 1 January 2022,142 meaning that ongoing ODA-financed investments and
projects had to be completed on schedule and without delay, or potentially risk losing funding. For
example, Antigua and Barbuda will no longer be able to access additional funding after the United
Kingdom Caribbean Infrastructure Partnership Fund (UKCIF)-funded US $28 million (EC $75.7 million)
Antigua Road Rehabilitation project has fully completed.*2 The country can however access multilateral
development banks for additional sources of grant and concessional finance, such as European

Investment Bank (EIB), Inter-American Development Bank (IDB) or the World Bank.

Grants represent the majority of finance received in Antigua and Barbuda for climate initiatives with 17
out of 18 projects in 2017 being financed through grants.'44 There was only one concessional loan-
funded project to build resilience in the water sector which was approved for a loan based on the public

utility business model (SOE-run) and financed by water payments from consumers after the initial

138United Nations. (2016). Assessment and Overview of Climate Finance Flows: Antigua And Barbuda (2014—-2017). Available from:
https://unfccc.int/sites/default/files/resource/lUNFCCC-AntiguaBarbuda-Report-web-DEF.pdf

19YNDP, CODE, & ODI. (2012). The Climate Public Expenditure and Institutional Review (CPEIR): a methodology to review climate policy,
institutions and expenditure. Available from: https://www.cbd.int/financial/climatechange/g-cpeirmethodology-undp.pdf

140concessional finance: below-market rate finance provided by major financial institutions, such as development banks and multilateral funds, to
developing countries to accelerate development objectives. The team does not represent a single mechanism or type of financial support but
comprises a range of below market rate products used to accelerate a climate or development objective. Source: World Bank, 2021.

“1ynited Nations. (2017). Assessment and Overview of Climate Finance Flows: Antigua And Barbuda 2014—2017. Available
from: https://unfccc.int/sites/default/files/resource/lUNFCCC-AntiguaBarbuda-Report-web-DEF.pdf

142DAC List of ODA Recipients - OECD. (n.d.). Available from https://www.oecd.org/dac/financing-sustainable-development/development-finance-
standards/daclist.htm

143yK Caribbean Infrastructure Fund: Annual Review

4United Nations. (2017). Assessment and Overview of Climate Finance Flows: Antigua And Barbuda 2014-2017. Available
from: https://unfccc.int/sites/default/files/resource/UNFCCC-AntiguaBarbuda-Report-web-DEF.pdf
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capital investment).1®> To date, grants for adaptation actions in Antigua and Barbuda have been
secured across the key sectors, specifically energy generation, distribution and efficiency; roads;
government buildings and housing; and natural infrastructure projects that have an indirect linkage to
wastewater (for example, the Adaptation Fund’s McKinnon’s Watershed project).1#¢ While grants can
be applied for almost any adaptation measure, it is important to demonstrate financial sustainability
beyond the initial capital injection so that a project and its impacts can continue to enhance resilience
for years to come. Therefore, for projects with revenue-generating potential (e.g., energy generation),
it is recommended that they are co-financed with revenues, private finance, or innovative financial
mechanisms. Although Antigua and Barbuda can obtain grant and concessional finance through
specific climate finance and environmental and development funds, this SAP distinguishes between
grants and concessional finance from non-climate finance to avoid double-counting. More information

on climate-specific funds and facilities can be found below.

Specific climate finance funds and facilities available to Antigua and Barbuda

The GoAB is well-positioned to benefit from bilateral and multilateral funds that target climate action.
As a DAE, the DOE can directly access GCF finance without an international intermediary, encouraging
country ownership. To date the GCF has approved and financed two DOE projects, totalling US $39.4
million (EC $106.5 million): and six Readiness activities, totalling US $5.9 million (EC $16 million). One
of these approved projects, FP133, is directly related to the building sector, aiming to: upgrade 54
government buildings to withstand Category 4 and 5 hurricanes; update building codes in the Physical
Planning Act (2003); and train relevant staff to upscale renewable energy and water harvesting
technologies as per the building code. Given the aims of the GCF’s Updated Strategic Plan (USP) 2020-
2023 to “support developing countries to translate their NDCs, adaptation commitments, NAPs and
long-term national strategies into transformational investment strategies and project pipelines informed
by the goals of the Paris Agreement, DOE can and will continue to benefit from engagement with the
GCF beyond the initial resource mobilization period”. As it relates to the key sectors, a GCF-qualifying
project or program must demonstrate climate rationale while strongly aligning with the GCF’s six
investment criteria. A strong combination of adaptation actions for a GCF-aligned proposal would
include components like building an enabling environment or developing supportive policies,
implementing adaptation measures that have a clear climate rationale and direct net-positive impact on
beneficiaries, and building local capacity to manage adaptation measures on an ongoing basis. As
such, the adaptation measures presented in this SAP should follow a “mix-and-match” approach
to bulk together adaptation measures that meet specific climate finance funds’ investment

criteria. In addition to the GCF, Antigua and Barbuda is a member of multiple regional organizations

145 Department of Environment. (2018). Sustainable Integrated Water Resources Management to Build Resilience to Climate Change in the Water
Sector of Antigua and Barbuda. Available from: https://www.greenclimate.fund/sites/default/files/document/19960-sustainable-integrated-
water-resources-management-build-resilience-climate-change-water-sector.pdf

18pepartment of Environment. (2021). MID-TERM EVALUATION OF THE ADAPTATION FUND PROGRAMME IN ANTIGUA. Available
from: https://pubdocs.worldbank.org/en/495131615856850178/5192-MTR-Jan-21-2021.pdf
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that access, manage, and distribute climate finance (see Table 22). Therefore, Antigua and Barbuda

will benefit from continuing to foster collaboration with other countries active in the Caribbean to finance

adaptation measures across all key sectors using multiple finance tools.

Table 22: Antigua and Barbuda's membership in regional organizations that disburse climate-and disaster-related finance.

Memberships in

regional
organizations
Organization of

Regional organization function and mandate

An international inter-governmental organization dedicated to regional integration in the Eastern

Eastern Caribbean | Caribbean. As a Protocol Member, Antigua and Barbuda has full OECS membership.

States (OECS)

Eastern Caribbean | Monetary Authority with the primary objective of maintaining the stability of the Eastern Caribbean
Currency Union | Currency and the integrity of the banking system for eight island economies, including Antigua
(ECCU) and Barbuda.

Caribbean Borrowing Member Countries are allowed to borrow CDB funds and have voting rights which
Development Bank’s | entitles them to be a part of the Bank’s decision-making processes. Together, they have 55.26
(CDB) Borrowing | percent of the voting power on the Bank’s Board.

Member Countries

(BMCs)

Caribbean Catastrophe
Risk Insurance Facility

A risk pooling facility, owned, operated, and registered in the Caribbean for Caribbean
governments. CCRIF is designed to limit the financial impact of catastrophic hurricanes and

(CCRIF) earthquakes by quickly providing short term liquidity when a policy is triggered.

Caribbean Disaster | Regional inter-governmental agency for disaster management in the Caribbean Community
Emergency (CARICOM). Responsibilities include coordinating emergency response and relief efforts to
Management Agency | Participating States, including Antigua and Barbuda, in need of disaster assistance.

(CDEMA)

Caribbean Community
Climate Change Center

Coordinates the Caribbean region’s response to climate change.

(CCcCcCC)
Caribbean Institute of | Training and research organization formed by the amalgamation of the Caribbean Meteorological
Hydrology and | |nstitute (CMI) and Caribbean Operational Hydrological Institute (COHI). This organization does

Meteorology not disburse climate- and disaster-related finance, however, contributes to the knowledge-sharing

and capacity building of the region.

Established in 1948, The University of the West Indies (UWI) is the largest and longest standing
higher education provider in the English-speaking Caribbean. UWI does not disburse climate- and
disaster-related finance, however, contributes to knowledge-sharing and capacity building of the
region.

The University of the
West Indies

Private finance mobilization

Private finance represents the lowest amount of finance for climate-resilient projects globally, inclusive
of the Caribbean and SIDS.1#7 Private investment is deterred when perceived risk is high, especially if
there is no public intervention to manage, reduce, transfer, or retain the risk. Additionally, certain
adaptation measures may bring strong social benefits but not result in clear financial returns. Private
investors likewise prefer to recoup capital investment in the short term (one to three years) whereas
investments may take three or more years to generate revenue or tangible financial benefits. Apart from
project-level risks, macroeconomic fiscal risks (e.g., high borrowing rates) may also deter private

investment.

7Climate Finance Provided and Mobilised by Developed Countries in 2016-2020. (n.d.). Available from: https://www.oecd-
ilibrary.org/docserver/286dae5d-en.pdf?expires=1670800992
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Climate-related private sector investment exists for Antigua and Barbuda’s fisheries and tourism
sectors, however, is not prevalent in the key sectors under this SAP. Private finance tends to be
strong for low-risk sectors with guarantees, such as continued revenue streams (e.g., SOE utilities
which can benefit from commercial financing in certain circumstances).*® Adaptation measures that
are cross-cutting and have a mitigation component, can benefit from mitigation finance, such as the
provision of carbon credits for mangrove forests or emission-cutting technologies like renewable
energy. From a private investor perspective, the wastewater, roads, and housing sectors may be
characterized as high-risk, public-facing, and without recurrent revenue streams, to meet private sector

investment criteria.

To bolster their social license to operate in Barbuda, developers such as PLH and the Barbuda
Ocean Club (BOC) may be willing to finance adaptation activities, particularly if they align with their key
business interests or philanthropic initiatives. For example, PLH and the BOC have financed the paving
of a section of Route-1 in Barbuda, north of River Dock towards Codrington Village, and intend to pave
additional roadways from River Dock to Coco Point. As they have demonstrated interests in financing
road works (e.g., to facilitate connectivity to and from their developments), they may be willing to finance
adaptation measures to enhance roadway resilience. Further, BOC’s key pillars of community
investment (environment, health, culture, entrepreneurs, and education) are aligned with some of the
adaptation measures proposed in this SAP. For example, youth initiatives targeted at waste-reduction
and cleaning up litter, could align with BOC’s environmental and educational initiatives. Further, if the
Barbuda Council secures property tax payments from PLH and BOC, this tax stream could potentially

be invested in resilience efforts.
Innovative financial mechanisms

There is an emerging trend of innovative financial mechanisms that can help attract capital or reduce

investment risk. These include:

SIRF Fund: the SIRF Fund is Antigua and Barbuda’s national environment fund which has the autonomy
to procure climate finance from multiple sources including grants (from international or bilateral funds)
and domestic finance (through “park visitation fees, pollution charges, carbon credits, taxes for high
income earners, levies, and other fees”).14® SIRF can channel funds through grants, loans and equity
to the public sector, the private sector, and to NGO and community organizations, and can support
environmental management in other OECS nations. With Antigua and Barbuda’s recent graduation from
ODA, country ownership over how to access, manage, and disburse funds represents a unique
opportunity for the twin islands to advance their climate goals while supporting the Eastern Caribbean
region to do the same. The SIRF Fund has contributed funding to a project to provide grid-interactive

solar PV and battery storage to schools and clinics across Antigua.

148ADB. (2021). THE BANKABLE SOE COMMERCIAL FINANCING FOR STATE-OWNED ENTERPRISES. Available
from: https://www.adb.org/sites/default/files/publication/729321/commercial-financing-state-owned-enterprises.pdf
149Antigua and Barbuda. (n.d.). SIRF Fund. Department of Environment Antigua & Barbuda. Available from: https://environment.gov.ag/sirf
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Risk financing through parametric insurance: Attracting capital, and particularly private capital, for

adaptation measures is challenges by the high level of perceived risk for certain climate investments.
One way to mitigate this risk is through parametric insurance. Parametric insurance differs from
traditional indemnity insurance because, it does not require a damage assessment to determine pay
outs. While indemnity insurance is also a risk management tool, it requires a damage assessment to
generate a pay-out which can take weeks or months to complete following a disaster, particularly if
many policyholders are filing claims at the same time. Pay-outs under parametric schemes are pre-
arranged based on a qualifying event occurring in a pre-defined area. In the case of Belize’s natural
capital, a parametric insurance pay-out was triggered when Hurricane Lisa (2022) (‘the qualifying
event’) made landfall within the pre-defined area (Belize’s coastal reef areas). Funds for post-disaster
reef restoration were released 12 days post event - an unprecedented speed that allowed for the timely
deployment of brigades to repair reef damage. An adequately designed parametric scheme could
alleviate pressure on the central government to finance disaster response. Additionally, Antigua and
Barbuda’s NDC for adaptation already includes “an affordable insurance scheme available to help
farmers, fisherfolk and businessowners cope with climate variability by 2030” indicating a strong
appetite for insurance-backed mechanisms. Parametric insurance represents a way to manage existing

financial risk and can help to reduce risk for select adaptation measures included in this SAP.

Debt (re)structuring through debt-for-climate / -nature swaps: a debt-for-climate / -nature swap is a

financial innovation that allows governments to re-issue their outstanding debt (likely to be close to
default or low-rated in the international market) and receive partial debt relief while committing to
undertake climate- or nature-related commitments. For example, the government of Belize recently
worked with The Nature Conservancy’s NatureVest to restructure over US $500 million (EC $1.4 billion)
of privately-held sovereign debt (out of US $2.1 billion/EC $5.7 billion of its outstanding public debt) into
a blue bond that channels finance into conservation.5° Complementing this debt-for-nature swap is the
U.S. Development Finance Corporation’s political risk insurance (which has made debt restructuring
favorable to private debt-holders), and a resilience wrapper which covers debt service payments in the
event of a qualifying disaster (a form of parametric insurance which is separately described below).
Although debt restructuring primarily addresses loss and damage, this mechanism can address
adaptation priorities. Antigua and Barbuda is currently pursuing a debt-for-climate swap through funding
from the Open Society Foundations.5! This swap would amount to 20% of the country’s public debt,
approximately US $245 million (EC $662.1 million).152 This is a possible avenue for investing in
adaptation-related projects that are in line with the national priorities on climate (including measures
detailed in this SAP), while also achieving debt forgiveness and becoming financially attractive to

international capital markets.

150Belize Blue Bond Debt Servicing. (n.d.). Available from: https://www.wtwco.com/en-CA/Insights/2022/09/wtw-designed-parametric-solution-
protects-belizes-blue-bond-debt-servicing-from-climate-disasters

151Navigating Climate Finance as a small island state: Lessons from Antigua and Barbuda. (n.d.). Commonwealth. Available
from: https://thecommonwealth.org/news/navigating-climate-finance-small-island-state-lessons-antigua-and-barbuda

152A0SIS (2022, November 8). looks to scale up Antigua and Barbuda’s pilot Debt for Climate Swap Roadmap. AOSIS. Available
from: https://www.aosis.org/aosis-looks-to-scale-up-antigua-and-barbudas-pilot-debt-for-climate-swap-roadmap/
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Table 23 outlines potential finance sources for the prioritized adaptation measure across key sectors,

potential areas for local capacity building, and possible complementary financial mechanisms or
conditions to successfully finance the measures.
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Table 23: Relevant sources of finance for each adaptation measure.

Sector Adaptation Measure(s)

DEPARTMENT of

ENV]RRNNLE[}];F
‘.ﬁ-’ nbigua and Barbuda

Possible financing source

Addressing local capacity

concerns

Complementary
financial mechanism

Roads Clean-up of litter and debris that clogs drainage
systems and culverts, particularly in preparation
for an extreme rainfall event (e.g., tropical
cyclone). Removal of vegetation that blocks

culverts, and de-silting of drainage systems.

Roads Develop a culverting system and an associated

management plan

Roads Ensure that future road upgrades are designed
to account for hard surface runoff in development

projections

Roads Undertake a comprehensive study to increase
drainage system capacity along roadways where
inadequate drainage exists, to account for
projected water flows under future climate

change.

Roads Enact policies to prohibit future road and public
infrastructure development in areas of projected

SLR.

National budget for recurrent
expenditure  on  operations  and
maintenance. In the event of post-
disaster events where clean-up must be
deployed more frequently, use of
contingency funds of the public

department(s) for post-disaster relief.

Co-financing options include social
programs and jobs/training programs for
youth in the workforce.

Climate finance funds, such as GCF or
through bi/multilateral sources such as
CDB to obtain funding similar to the
UKCIF-funded Road Infrastructure
Rehabilitation project. UKCIF is no
longer eligible for A&B since graduating
from ODA.

Climate finance funds such as GCF or
CDB

GCF under the Project Preparation
Facility (PPF) or Readiness activities as
a precursor to drainage projects

National budget

In addition to identifying financing
sources, GoAB can explore
opportunities related to the clean-up
of litter/debris through poverty-
alleviating programs, such as
Rwanda’s Umuganda®®?® (community
work) model where local
communities gather to conduct
activities.

Associated management plans
should be completed in conjunction
with technical associations (e.g.,
engineers, etc.)

GOoAB can reach out to regional
organizations to identify cost-
effective measures and share best
practices

Multi-collaborative effort between
Ministry of Works, DOE, and others

Raise awareness across relevant
Ministries (e.g., tourism, housing,
etc.) about integrating climate

Financing from PLH, and
BOC (Barbuda only)

Civil society and Diaspora
(Barbuda)

Financing from PLH and
BOC (Barbuda only)
SIRF Fund

SIRF Fund

Grant funding from a
research institution that
would benefit from study
results

Work with existing hotels
and tourism
accommodations (Hotels
and Tourism Association)

158 How Rwanda Tidied Up Its Streets (And The Rest Of The Country, Too). (2018, July 18). NPR.org. Available from: https://www.npr.org/sections/goatsandsoda/2018/07/18/628364015/how-rwanda-tidied-up-its-streets-and-

the-rest-of-the-country-too
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Roads

Roads

Roads

Youth education programs to reduce waste and
avoid littering in roadways and drainage
systems.

Increase capacity of MWH to plan and design
climate resilient roadways in anticipation of
future climate change impacts and enhance
coordination with other agencies (e.g., APUA)
that impact roadway construction and
maintenance

Undertake a study to identify which segments of
coastal roadways are at the greatest risk of
coastal erosion and SLR. Define which
adaptation measures are most appropriate for
at-risk road segments (e.g., relocate existing
roads, elevate roadways, coastal defenses
green and gray).

Ensure that the design of future coastal roadway
accounts for SLR and coastal erosion in the
design phase (and considers required
maintenance works)

Climate finance funds such as GCF or

CDB

National budget (recurring expense with

line item as salaries)

GCF if paired with another related
adaptation measure, such as activities

listed under GCF Roads

DOE to issue competitive tender through
international grant financing (such as
GCF Readiness window) to conduct a

comprehensive roads risk assessment

projections into city planning/zoning
processes.

Engagement with CSOs or NGOs
that focus specifically on youth
engagement

In additon to building MWH
capacity, encourage training of
trainers for MWH to train local
community leaders / NGOs / CSOs
on climate change expertise to apply
for funding for national capacity
building (such as The Caribbean
Natural Resources Institute
(CANARI) Enhancing Caribbean
Civil Society's  Access and
Readiness for Climate Finance
project)

Enhance technical capacity within
MWH on climate-resilient road
design

to implement strategies
that mitigate SLR impacts,

such as beach
replenishment activities or
coastal protection

measures for port projects
funded by China Aid

PLH, BOC (Barbuda only)

Funding from CSOs or

NGOs that focus
specifically on  youth
engagement (e.g.,

National Youth Council of
Antigua & Barbuda, Be
Foundation, BarbudaGO)

Engage with regional
organizations to design
capacity building

initiatives or existing tools
(e.g., CCORAL)

Engage with local
universities and research
institutions to co-finance
initiative
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Wastewater Address greywater reduction at the point of use Utilize funding from other (regional) Enhance awareness of water Develop incentive
by including water efficient fixtures in new projects aimed at food and water conservation measures schemes for homeowners
residential development security such as GEF CReW+ and water-saving
Co-finance with water sector initiatives measures in tandem with
APUA, especially in
periods of drought
Wastewater Promote household greywater reuse under Climate finance funding with a CSO Local capacity building amongst National budget
hygienic and safe conditions by educating and partner homeowners and credit unions or
incentivizing homeowners (e.g., subsidies banking facilities with mortgage
included in mortgages) to install low-cost and National budget products to develop incentives
low-maintenance grey water treatment, which
can then be used for irrigation and /or cleaning. Co-finance with water sector initiatives
Wastewater Develop a national wastewater management National budget Formation of a Wastewater and Climate finance funds such
and sanitation policy that integrates climate Sewage Authority as GCF or CDB
change considerations and local knowledge
Wastewater Develop an associated wastewater and National budget Formation of a Wastewater and
sanitation action plan and ecologically Sewage Authority Climate finance funds such
sustainable framework that integrates climate as GCF or CDB
change adaptation planning
Wastewater Centralized sewage system in St. John’s City Climate finance funds such as GCF or Formation of a Wastewater and Public private
that collects both sewage and grey water to CDB Sewage Authority partnerships
reduce flood impacts.
Wastewater Upgrade existing 2 chamber septic tank system Climate finance funds such as GCF or Formation of a Wastewater and Public private
to a 4-chamber system with soakaways and CDB Sewage Authority partnerships
drain fields including managed wetland systems
(Barbuda).
Wastewater Adoption and enforcement of building guidelines National Budget Enhanced capacity and technical National Budget

that specify the design and maintenance
requirements for septic tank systems, and other
sanitation systems.

DCA and Barbuda Planning Commission
inspectors conduct site visit to ensure that septic
tank systems are sized and sited correctly (e.g.,
adherence to setbacks as specified in the
Building Code) and CBH capacity to ensure that
systems are correctly maintained

expertise within the DCA, BPC, and

CBH
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Housing

Housing

Housing

Housing

Housing

Housing

Housing

Housing

Obtain financing to complete the construction
(specifically plastering) of the 104 EU funded
homes, constructed post-hurricane Irma to
mitigate flood water intrusion associated with
heavy rainfall events

Provide homeowners with financial incentives
(e.g., tax breaks, credits, low interest loans) to
build or retrofit their homes so that they are
resilient to hurricane impacts

Enhance awareness of insurance eligibility,
policyholder responsibilities, terms of reference,
coverage

Design of a pilot program of micro parametric
insurance schemes for homeowners.

Develop a comprehensive community-led and
community-informed plan for restoring and/ or
condemning derelict and hurricane-damaged
housing in Codrington, which includes cleaning
up debris and adequately disposing of materials.

Develop and maintain an up-to-date inventory of
derelict housing in Antigua (including locations
and land titles) as a precursor to plan and
prioritize condemnation of derelict homes
(including the option to assess feasibility of
converting homes into social housing).

Provide financial incentives for homeowners to
build new homes with cisterns, rather than rain
barrels which are vulnerable to hurricane
impacts (flying away).

Enforce coastal development setbacks for
beaches and coastlines to ensure that structures
are not built in ecologically sensitive areas that
compromise resilience.

Climate finance funds such as GCF or

CDB

National Budget

Green incentives providing grants/loans

for retrofitting homes

Co-finance with private sector

Multilateral institutions, risk financing

facilities like GRMA

National Budget

National Budget

Green incentives providing grants/loans

for building new homes with cisterns

SIRF fund

Labor availability

Awareness and understanding of
the building code, and cost-effective
practices that can strength the
homes resilience

Direct access to insurance providers

Financing available to pay for
premiums

Equipment and resources to
adequately disposes of [/ or
repurpose debris and bulk waste

Equipment and resources to
adequately disposes of [/ or
repurpose debris and bulk waste

Enhanced technical knowledge of
home construction as per the
building code

Leverage the reach of Barbuda
Council and local government
department under the Ministry of
Social Transformation and Human
Resource in Antigua for enforcement
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Funding from CSO/NGOS
focused on social housing
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Housing Enhance DCA capacity to enforce the building National Budget Increased personnel with National Budget
code in Antigua (e.g., to inspect each phase of Funding from multilateral institutions qualifications to perform inspections
housing development and properties for
compliance, to enforce adequate setbacks both
from roads and adjacent structures in cities and
in coastal areas, to prohibit development on
lands less than 0.13m above the SLR risk line,
etc.)
Housing Re-instate the Barbuda Planning Commission National Budget Barbuda Planning Commission Barbuda Council
and appoint an inspector (e.g., engineer, Funding from multilateral institutions
architect, or draftsman with in-depth knowledge
of the building code) to enforce the building code
on Barbuda.
Housing Create licensing and certification for contractors National Budget - MWH Association for contractors and OECS
and builders to build homes in line with climate builders
resilient building practices as per the OECS
Building Code
Housing Information dissemination to homeowners on SIRF Fund Create a community of practice with OECS
climate resilient housing and construction as architects, contractors, civil society
outlined in the building code. (e.g., information to leverage their influence for
on how to hire a contractor and draftsmen; DCA outreach
inspection process; setbacks for septic tank
systems; Ideal material selection (e.g.,
reinforced concrete) for resilient housing; other
ways to build resilient if affordability it an issue
(e.g., financial incentives
Housing Develop incentive programs for homeowners to SIRF fund Create a community of practice National budget in tandem
increase water efficiency (e.g., through with local NGOs or parishes and with  APUA to subsidize
purchasing water-efficient appliances). APUA and leverage their the purchase of water-
influence for outreach efficient appliances
Housing Fund educational campaigns and/or programs to National budget Create a community of practice with NGO /  philanthropic
raise awareness of household water local NGOs or parishes and APUA financing
management and practices to implement, and leverage their influence for
particularly during dry days / drought periods outreach
Energy Decentralize energy distribution with microgrids GCF, Renewable Energy Fund under Enhance local technical capacity on Research community
and the renewable energy technologies (e.g., the Act, Caribbean Development Bank, renewable energy installation, models  with shared
Rooftop PV) UAE Caribbean Renewable Energy maintenance, and operations energy grids for a

Fund

proposed pilot program
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Energy Incentive scheme for renewable energy
installation, particularly for installations greater
than 5KW

Energy Adequate battery storage for solar power plants

to ensure grid stabilization and energy storage

Energy Investigate feasibility of wind power (off-shore
and land based), that incorporates hurricane-
resilient design (e.g., blades that can fold down)
and siting considerations

National Budget,

Renewable Energy Fund,

GCF

Renewable Energy Fund, Caribbean

Development Bank,
UAE

Caribbean Renewable Energy Fund

Renewable Energy Fund, Caribbean

Development Bank,

UAE Caribbean Renewable Energy

Fund

Capacity-building for climate-smart
policy making

Enhance local technical capacity on
renewable  energy installation,
maintenance, and operations

Enhance local technical capacity on
renewable  energy installation,
maintenance, and operations

Public-private partnership

Public-private partnership

Grant-funded from a
university / research
institution as a part of
post-graduate work

Public-private partnership
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Section 5. Implementing  Sectoral

Adaptation

The adaptation measures put forward in this document are the blueprint for a 10-year SAP to enhance
climate resilience in the nation’s key sectors. This section covers the details behind the preparation,

funding, execution, and monitoring of the adaptation measures for successful SAP implementation.

As the proposed measures are cross-sectoral or have upstream/downstream impacts on other sectors,
it is crucial that all the various key stakeholders (namely Ministries and agencies) coordinate closely to
effectively manage and execute the work. The implementation of the actions under this SAP should

consider:

e Institutional arrangements and capacity to undertake activities: Given that the SAP covers
four sectors where stakeholders must interact with key agencies and ministries (i.e., Ministry of
Finance), it is recommended that all adaptation measures have a primary implementing entity
whose mandate is majority-aligned with the outcomes arising from each measure and develop
a coordinating mechanism (such as a Technical Committee) to bring together the secondary
entities such as relevant key ministries and agencies and ensure good governance throughout
the process (see Table 24 for potential primary and secondary entities). The primary
implementing entity’s responsibilities would be to project-manage and implement the adaptation
measure in close collaboration with relevant secondary entities, and to coordinate the M&E
reporting as per funder requirements. The function of the coordinating mechanism (e.g., a
Technical Committee) would be to ensure that there is no maladaptation across secondary
sectors, engage technical experts within the key agency/ministry and encourage multi-
ministerial and departmental cooperation, and liaise with other relevant stakeholders such as
NGOs or the private sector for project input. The DOE is listed as a suggested secondary entity,
rather than a primary implementing entity, as it is uniquely placed to identify and secure various
financing sources and leverage its convening powers to catalyze collective action across the
relevant agencies, such as the DOE’s existing Technical Advisory Committee. For measures
that require extensive capacity that may be lacking in-country (e.g., conducting feasibility
assessments) the DOE could consider hiring private consultants to execute specific work tasks
or apply for technical assistance, through the GCF’s PPF or the UN Climate Technology Centre
& Network (CTCN). For projects undertaken in Barbuda, the Council should be the implementing

agency with support from Barbuda’s civil society.
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Table 24: Suggested primary implementing entities and secondary entities for the Housing, Roads, Wastewater and Energy sector

to conduct M&E activities.

Housing
Ministry of
Works and
Housing
Central Housing
and Planning
Authority
Development
Control
Authority
National
Housing and
Urban Renewal
Authority
Ministry of
Housing, Lands
and Urban
Renewal
Barbuda
Council and civil
society
Department of
Environment
Ministry of
Finance
National Office
of Disaster
Services

Candidates for
primary
implementing
entity

Suggested
secondary entities

Roads
Ministry of
Works and
Housing
Antigua Public
Utilities
Authority
Development
Control
Authority
Ministry of
Energy, Civil
Aviation &
Transportation
Antigua and
Barbuda
Transport Board
Barbuda
Council and civil
society

Department of
Environment
Ministry of
Social
Transformation
and Community
Development
Ministry of
Finance
National Office
of Disaster
Services

Wastewater
National Solid
Waste
Management
Authority
Antigua Public
Utilities
Authority
Barbuda
Council and civil
society

Department of
Environment
Central Board of
Health
Ministry of
Finance
Ministry of
Tourism
National Office
of Disaster
Services

Energy
Antigua Public
Utilities
Authority
Ministry of
Energy’s
Sustainable
Energy Unit
Barbuda
Council and civil
society

Department of
Environment
Ministry of
Finance
Ministry of
Tourism
National Office
of Disaster
Services

e Appropriate and available financial resources to implement and maintain the measures:

As detailed in Section 4: Financing Sectoral Adaptation, Antigua and Barbuda can leverage a

range of financing source for the proposed adaptation measures. Generally, designing policies

or enforcing regulations will entail a national budget; physical and hard infrastructure measures

may entail capital investments (especially the initial investment and ongoing operations and

maintenance spending) but can be complemented through taxes (e.g., from water revenue),

project financing (e.g., for energy projects) and other mechanisms. Increased capacity can be

financed through grant funding or technical assistance windows, and informational measures

that require intensive data processing (e.g., exploring the viability of wind power) can be

financed in-kind through post-graduate research studies, or private firms looking to offer their

services.
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e Risk mitigation measures and no objections: Once funding is secured, common bottlenecks
for implementing adaptation measures in the last mile include traditional supply chain issues,
such as logistics and transportation, and lack of technical and human capacity with the required
skills and expertise. When implementing adaptation measures, the implementing agency,
should consider potential sources of risk, or unintended consequences, and identify appropriate
mitigation measures. In addition to ensuring a smooth process from a logistics perspective, DOE
can also ensure a participatory approach with stakeholders, especially in Barbuda, by following
the no-objection procedure outlined in Antigua and Barbuda’s GCF-documentation. This
measure would ensure that stakeholders have demonstrated buy-in and a willingness to
cooperate at all levels for the adaptation measures.

e  The costs shown in Table 25, Table 26, Table 27 and Table 28 account for the implementation
of the adaptation measure, however, do not account for operations and maintenance, or other
ongoing costs, unless the activity specifically refers to the operationalization and maintenance
of the adaptation measure. These are indicative costs based on a literature review of the
technical underpinnings of the adaptation measures and several funding proposals in similar

contexts in the Caribbean and were complemented by reliable estimates from technical experts.
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Table 25: Roads: Indicative costs for adaptation measures.

Adaptation measure(s) Program cost (USD)*

Develop a culverting system and an associated management plan 162,000
Clean-up of litter / debris that clogs drainage systems and culverts, particularly in preparation for an extreme rainfall event

. A L2 ) 210,000
(e.g., tropical cyclone). Removal of vegetation that blocks culverts, and de-silting of drainage systems
Undertake a comprehensive study to increase drainage system capacity along roadways where inadequate drainage exists, to 45.000
account for projected water flows under future climate change '
Increase capacity of MWH to plan and design climate resilient roadways in anticipation of future climate change impacts and 500 000
enhance coordination with other agencies (e.g., APUA) that impact roadway construction and maintenance '
Ensure that future road upgrades are designed to account for hard surface runoff in development projections 100,000
Enact policies to prohibit future road and public infrastructure development in areas of projected SLR 100,000
Ensure that the design of future coastal roadway accounts for SLR and coastal erosion in the design phase (and considers 100.000
required maintenance works) '
Undertake a study to identify which segments of coastal roadways are at the greatest risk of coastal erosion and SLR. Define
which adaptation measures are most appropriate for at-risk road segments (e.g., relocate existing roads, elevate roadways, 60,000
coastal defenses green and gray)
Youth education programs to reduce waste and avoid in roadways and drainage systems. 150,000
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Table 26: Wastewater: Indicative cost and timeline for adaptation measures.

Adaptation measure(s)

Upgrade existing 2 chamber septic tank system to a 4-chamber system with soakaways and drain fields including

Program cost (USD)*

79

development

654,000
managed wetland systems (Barbuda).
Centralized sewage system in St. John’s City that collects both sewage and grey water to reduce flood impacts 50,000,000
Develop a national wastewater management and sanitation policy that integrates climate change considerations 175.000
and integrates local knowledge and considerations '
Develop an associated wastewater and sanitation action plan and ecologically sustainable framework that 200000
integrates climate change adaptation planning '
Adoption and enforcement of building guidelines that specify the design and maintenance requirements for septic
tank systems, and other sanitation systems.
DCA and BPC inspectors conduct site visit to ensure that septic tank systems are sized and sited correctly (e.g., 94,000
adherence to setbacks as specified in the Building Code) and CBH capacity responsibility to ensure that systems
are correctly maintained
Promote household greywater reuse under hygienic and safe conditions by educating and incentivizing
homeowners (e.g., subsidies included in mortgages) to install low-cost and low-maintenance grey water treatment, 4,575,000
which can then be used for irrigation and or cleaning.
Address wastewater reduction at the point of use by including water-efficient fixtures in new residential 900 000
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Table 27: Housing: Indicative cost and timeline for adaptation measures.

Adaptation measure(s) Program cost (USD)*

| Obtain financing to complete the construction (specifically plastering) of the 104 EU funded homes, constructed post- | ..~ |
X o X . ) ; . 6,700,000

hurricane Irma to mitigate flood water intrusion associated with heavy rainfall events

Enhance awareness of insurance eligibility (particularly on Barbuda), policyholder responsibilities, terms of reference,

150,000

coverage
Design of a pilot program of micro parametric insurance schemes for homeowners. 100,000
Develop a comprehensive community-led and community-informed plan for restoring or condemning derelict and hurricane-

D i A . i : . ) 2,000,000
damaged housing in Codrington, which includes cleaning up debris and adequately disposing of materials.
Develop and maintain an up-to-date inventory of derelict housing in Antigua (including locations and land titles) as a precursor
to plan and prioritize condemnation of derelict homes (including the option to assess feasibility of converting homes into social 130,000
housing).
Provide financial incentives for homeowners to build new homes with cisterns, rather than rain barrels which are vulnerable to 45 000.000

hurricane impacts (flying away).

Enhance DCA capacity to enforce the building code in Antigua (e.g., to inspect each phase of housing development and
properties for compliance, to enforce adequate setbacks both from roads and adjacent structures in cities and in coastal 584,000
areas, to prohibit development on lands less than 0.13m above the SLR risk line, etc.)

Re-instate the Barbuda Planning Commission and employ an inspector (e.g., engineer, architect, or draftsman with in-depth

knowledge of the building code) to enforce the building code on Barbuda 394,000
Create licensing and certification for contractors and builders to build homes in line with climate resilient building practices as
- 84,000

per the OECS Building Code
Information dissemination to homeowners on climate resilient housing and construction as outlined in the building code. (e.g.,
information regarding how to hire a contractor and draftsmen; DCA inspection process; setbacks for septic tank systems;

. b . . o X o e : 150,000
Ideal material selection (e.g., reinforced concrete) for resilient housing; other ways to build resilient if affordability it an issue
(e.g., financial incentives)
Develop incentive programs for homeowners to increase water efficiency, for example through purchasing water-efficient 390 000
appliances. '
Fund educational campaigns/programs to raise awareness of water management and practices to implement, particularly 150 000
during dry days/ drought periods. '
Provide homeowners with financial incentives (e.g., tax breaks, credits, low-interest loans) to retrofit their homes so that they

" . . ) : : ; 39,000,000

are resilient to hurricane impacts (e.g., reinforce 2 rooms, one with plumbing and one to sleep in).
Enforce coastal development setbacks for beaches and coastlines, so that structures are not built in ecologically sensitive areas 690 000

that compromise resilience.
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Table 28: Energy: Indicative cost and timeline for adaptation measures.

Adaptation option Program cost (USD)*

Decentralize energy distribution with microgrids and the renewable energy technologies (e.g., solar PV) 783,000,000
Incentive scheme for renewable energy installation, particularly for installations of greater than 5KW 4,000,000
Adequate battery storage for solar power plants to ensure grid stabilization and energy storage 100,000,000

Investigate feasibility of wind power (off-shore and land based), that incorporate hurricane-resilient design (e.g.,

blades that can fold down) and siting considerations 90,000

* All program costs are estimates, and were identified from literature reviews, and expert consultations
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Section 6: Monitoring and Evaluation of

Sectoral Adaptation Measures

6.1 Monitoring and evaluation framework

The main purpose of an M&E system of the NAP process
Box 2: Defining Monitoring, Evaluation, and

is to assess and report on progress made in addressing Indicators

climate change in line with national and sectoral goals Monitoring: The systematic and continuous
. . collection of data and information that enables

and objectives of the NAP process, to support learning, stakeholders to check whether an intervention is

. on track or achieving set objectives.
transparency, and accountability.

Evaluation: A systematic assessment of the
worth or utility of an intervention at a specific

M&E is important to ensure that the adaptation measures A ;
point in time, for example, whether a policy has

are being implemented and the desired benefits are been effective in achieving set objectives.

being realized. The two main elements of M&E include. Indicators: A measurable characteristic or
variable which helps to describe an existing
. situation and to track changes or trends — i.e.,

. M&E of outcomes (e.g., those derived from the progress — over time.

desired impacts of adaptation measures), and

Sources:
GIZ and International Institute for Sustainable Development (lISD). (2015).
Developing national adaptation monitoring and evaluation systems: A

. M&E of the implementation process. g

The monitoring of outcomes aims to ensure that the implementation of adaptation measures is leading
to the desired outcomes and impacts (e.g., implementing an action results in less road runoff, thereby
reducing the incidence of flooding roadways. Monitoring of implementation is a process to ensure that

the implementation of adaptation measures is delivered in an effective, efficient, and timely manner.

Using existing M&E systems is more efficient than setting up a new process, as existing approaches
are presumably ‘tried, tested and true’ and will avoid the duplication of efforts. M&E is best integrated
within lead agencies’ standard M&E processes, although external finance may come up with its own
set of M&E requirements (i.e., donor or IFI-specific) in which case these requirements will also need to
be considered.

Once operational, the framework will enable the DOE to understand how the SAP is progressing,
whether targets have been met, and glean lessons learned for future iterations of the SAP process.
This information can be communicated to target audiences at national, regional, and international levels,

and reported back to the UNFCCC in fulfilment of the NAP reporting requirements.

6.2 Indicators

Indicators will be selected based on a clear consideration of what the SAP intends to measure and
achieve and should be evaluated for their feasibility. If an indicator is too complex or resource-intensive

to track, it may not be practical. Further, attempting to track too many indicators may make
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operationalization difficult. Therefore, we proposed a selection of a few priority indicators. A baseline
measurement of the current situation is required before a future target can be fully quantified, and in
cases where this information is not already available, a data collection and analysis exercise will be
required. Other important considerations for indicators selection include how will the baseline be
established — e.g., the starting point at which you will measure indicator data over time. A baseline
measurement of the current situation is required before a future target can be fully quantified, and in
cases where this information is not already available, a data collection and analysis exercise will be

required.
We propose that indicator development follow the SMART principles:

S: Specific and clearly connected to the defined outcome/output

M: Measurable and can rely on both quantitative and qualitative data
A: Attainable: data and information can be easily accessed

R: Relevant to the goals and objectives

T: Time-bound have a specified timeframe

Box 3: Process and outcome indicators

Results indicators: measure the key goals and outcomes as formulated in the adaptation plan. They should monitor
how far these goals are being achieved over the specified time frame. Result indicators could focus on the integration
of climate change considerations into development plans, and the functionality of water supply systems. Importantly,
in the NAP process, it can take years until a results indicator clearly shows whether the intended outcome of an
adaptation process has been achieved — for example the effectiveness of coastal defences to mitigate against long-
term SLR.

Process indicators: measure leadership and courses of action to achieve a goal. To enable a more process-oriented
steering, it is important to include indicators focusing on activities and outputs, which allow a monitoring at shorter time
periods. Examples of this may include participatory input into planning, and the afforestation of mangrove forests.
Indicators: A measurable characteristic or variable which helps to describe an existing situation and to track changes
or trends — i.e., progress — over time.

Sources:
Least Developed Countries Expert Group. 2012. National Adaptation Plans. Technical guidelines for the national adaptation plan process. Bonn: UNFCCC secretariat. Bonn, Germany.
December 2012. Available at: http://unfccc.int/NAP

6.3 Monitoring outcomes

Monitoring of outcomes relates to ensuring that implementing adaptation measures leads to the desired
impacts, for example increasing resilience in the housing sector to the impacts of drought. Table 29
elaborates potential outcome indicators, based on the anticipated outcomes and impacts associated
with implementing the adaptation measure(s). Regular monitoring of outcome indicators will provide an
important metric as to how progress toward resilience is being achieved over time and should be

incorporated as a part of the plan’s implementation.
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Table 29: Review of desired outcomes and impacts and potential outcome indicators.

Sector and goal

Increasing the resilience of roads
and drainage systems to reduce

flood

risk and manage future

flows associated with climate

change

Increase flood resilience
domestic wastewater systems

Improve the
housing sector,

(direct) impacts of

of

resilience of the
both to the
extreme

events, and to events that impact
the services that houses rely on

(e.g., water)

Adaptation Measure(s)

Develop a culverting system
alongside the road network
and an associated
management plan - Barbuda
Clean-up of litter / debris that
clogs drainage systems and
culverts, particularly in
preparation for an extreme
rainfall event (e.g., tropical

cyclone). Removal of
vegetation that blocks
culverts, and de-silting of

drainage systems.

Undertake a comprehensive
study to increase the capacity
of drainage systems along
roadways where inadequate
drainage exists, to account for
projected water flows under
future climate change.
Increase personnel / capacity
within the MWH with climate
change expertise to fulfill the
mandate of constructing and
maintaining roads in
consideration of future climate
change.

Develop a national
wastewater management and
sanitation policy that
integrates  climate change
considerations and integrates
local knowledge and
considerations

Develop an associated
wastewater and sanitation
action plan and ecologically
sustainable framework that
integrates climate change
adaptation planning

Centralized sewage system in
St. John’s City that collects
both sewage and grey water to
reduce flood impacts in St.
John’s City.

Upgrade 2-chamber septic
tank systems to 4-chamber
septic tank systems (#)

Develop and maintain an up-
to-date inventory of derelict
housing in Antigua (including
locations and land titles) as a
precursor to plan and prioritize
condemnation of derelict
homes (including the option to
assess feasibility of converting
homes into social housing).

Potential Outcome Indicators

Development of a culverting system(s) (Y/N)
Total measured length of culvert (m or ft)
Change in total length of culverts (%)
Instances of flooding in roadways following
heavy rainfall events (#)

Reduced instances of flooding in roadways,
following heavy rainfall events (#)

Reduce roadway maintenance repair costs
associated with drainage ($)

Maintenance checks over a five-year period

#)

The construction of a centralized sewage
system (Y/N)

Development of wastewater management
and sanitation policy (Y/N)

Development of wastewater and sanitation
action plan (Y/N)

Upgrade 2-chamber septic tank systems to 4-
chamber septic tank systems (#)

Creation of island-specific housing inventory
(YIN)

Certification ~ program  available
accessible to contractors (Y/N)
Home inspections and records of non-
compliance (#)

and
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Create a more resilient energy
grid by reducing dependency on
fossil fuels and decentralizing
power through renewable energy

Licensing and certification for
contractors and builders to
build homes in line with
climate resilient  building
practices as per the OECS
Building Code.

Enhance capacity within the
DCA and BPC to enforce the
building code (e.g., to inspect
each phase of housing
development and properties
for compliance, to enforce
adequate setbacks both from
roads and adjacent structures
in cities and in coastal areas,
to prohibit development on
lands less than 0.13m above
the SLR risk line, etc.)

Decentralize energy
distribution with microgrids
and renewable energy
technologies (e.g., rooftop PV)

Uptake of renewable energy
(solar, wind, hybrid) for
desalination to reduce
dependency  on energy
supplied through the
transmission grid.

Incentive scheme for
renewable energy
installations, particularly for
producers greater than 5kWh

Number of renewable energy technologies
installed and / or kWh generated e.g., rooftop

PV systems (#)

Share of grid-connected energy mix from

renewable sources (%)
Financial incentives (% or $)

6.4 Monitoring implementation

Monitoring of implementation is a management process to ensure that the overall SAP is being

delivered effectively and efficiently, as well as the plan’s activities. Monitoring of the overall SAP intends

to monitor the process and allow for flexibility to adjust to emerging priorities while monitoring the

activities is an operational activity that will be carried out in line with the standard management

processes of the implementing agencies. As discussed, a funder may have its own unique set of M&E

requirements, that must be integrated within the M&E process. Table 30 summarizes the process.

Table 30: Monitoring implementation and activities.

M&E Level M&E actions (and anticipated stakeholder responsible)

Overall SAP o Annual review of the implementation process and updating
implementation schedule as required

Project o Apply standard M&E processes of implementing agency and funding
agencies as required
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The Way Forward

This SAP is a ten-year framework to enhance climate resilience in Antigua and Barbuda’s infrastructure
and housing sectors. The adaptation measures included in this SAP present opportunities to enhance
sectoral resilience, with a view to generate positive co-benefits for communities and the environment
(e.g., decentralized solar PV systems can result in cost-savings, energy independence, faster post-
disaster recovery, and reduced GHG contributions). The recommendations in this SAP, should be
aligned with measures in other SAPs, and more broadly national priorities, to maximize benefit from
coordinated actions, and to ensure that investment in one area does not undermine priorities or
investment in another area. For example, undertaking public works to climate proof roadways can
increase the amount of sedimentation that ends up in creeks and catchments, thus undermining drought
and flood mitigation efforts. As such, broad awareness and alignment with other plans and processes
is of the utmost importance. Further, SAP measures should be designed and implemented with local
communities and interest groups, to ensure cost-efficiency, effectiveness, and buy-in. This is
particularly the case in Barbuda, where cultural heritage and autonomy are important principles, and
adaptation measures must be informed and led by community representatives. Lastly, this SAP
presents measures that will provide immediate benefits (e.g., plastering unfinished EU homes in
Barbuda) and measures, from which the benefits will take years to materialize (e.g., long-term education
to reduce littering in drainage systems). Adaptation measures should be prioritized and considered on
various time scales to build resilience today and into the future. As climate becomes increasingly erratic,
and adaptation becomes increasingly necessary, a whole suite of adaption measures will be required

to enhance resilience.
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Annex 1. Key Stakeholders and Agencies

Governmental ministries

Antigua and Barbuda Department of Environment
Ministry of Housing and Lands

Barbuda Council

National Office of Disaster Services

Relevant authorities and technical experts

NGOs

Development Control Authority

Central Housing and Planning Authority
National Housing and Urban Renewal Authority
Antigua Public Utilities Authority

National Solid Waste Management Authority
Antigua and Barbuda Airport Authority

Antigua and Barbuda Port Authority

Antigua and Barbuda National Parks

Antigua and Barbuda Transport Board

Antigua and Barbuda Institute of Architects
Antigua and Barbuda Association of Professional Engineers

Barbuda Go

Antigua and Barbuda Environmental Awareness Group

The Be Foundation

The Coco Point Fund

Women Against Rape

Antigua and Barbuda Association of Persons with Disabilities
Caribbean Youth Environment Network

Miss Brenda Thomas-Odlum (President of Integrated Health Outreach)

Private sector and related

Dews Pro Construction

Antigua and Barbuda Cooperative Credit League
Antigua and Barbuda Chamber of Commerce
Caribbean Water Treatment

Trevor Gonsalves, Structural and Civil Engineer

Development agencies

UNOPS
UNDP Barbuda
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Annex 2. Adaptation Measures Cost

Justification

The following tables 31, 32, 33, and 34, justify the costs associated with the proposed adaptation

measures for each sector. Inputs to develop the estimates were sourced from literature reviews

(including funding proposals in similar contexts), the in country mission (January 2023), and stakeholder

consultations. The costs are rudimentary, and the adaptation measures will require more detailed cost

estimations if pursued.

Table 31: Roads: cost justification

Roads: Adaptation Program

measures cost (USD)*

Justification

Develop a culverting system
alongside the road network
and an associated 162,000
management plan —

Barbuda

Using figures from reports related to cost estimates
for culverts (e.g., from the Flood and Coastal
Erosion Risk Management Research and
Development Programme here), this figure captures
the cost of developing a culverting system (design,
fabrication and installation) based on estimates of
the road network across Barbuda, both paved and
unpaved here. This figure does not include impacts
from closure of roads to implement culverts, such as
impacts to residents and businesses.

Clean-up of litter / debris
that clogs drainage systems
and culverts, particularly in
preparation for an extreme
rainfall event (e.g., tropical 210,000
cyclone). Removal of
vegetation that  blocks
culverts, and de-silting of
drainage systems.

The average final disposal cost is US $20 (EC $54)
per ton disposed, and accounting for approximately
ten instances over an annual period of extreme
rainfall events as well as initial cleaning leads to a
conservative figure of $21,000 per year for 10 years.

Undertake a
comprehensive study to
increase drainage system
capacity along roadways

Estimate derived from a study that looks at the net
cost (present cost of installation + maintenance
cost) of retrofitting sustainable urban drainage

mandate of constructing
and maintaining roads in
consideration  of  future
climate change.

where inadequate drainage 45,000 systems. This figure has been extrapolated for an
exists, to account for annual cost in USD for Antigua and Barbuda’s
projected water flows under roadways.

future climate change.

Increa_se . p_ersonnel / Estimates are based on median figures from GCF
capacity within the MWH .

i . documents, such as approved funding proposals
with climate change ; : :
expertise to  fulfill  the and_ rea_ldlness p_roposals, related to increasing

500,000 Ministerial capacity across the Caribbean (i.e.,

Improving the capacity of the Ministry of Agriculture
of Suriname to build resilience to climate change in
the agriculture sector).

Ensure that future road
upgrades are designed to 100,000
account for hard surface

While road maintenance is ongoing, this figure
encapsulates estimates around engaging with MWH
on procurement policies for roads maintenance as
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https://assets.publishing.service.gov.uk/media/6034ed988fa8f5432bc23ddc/Cost_estimation_for_culverts.pdf
https://www.caribank.org/sites/default/files/publication-resources/Loan-Project-Summary_Road-Infrastructure-Rehabilitation_Antigua-and-Barbuda.pdf
file:///C:/Users/vermasi/AppData/Local/Microsoft/Windows/INetCache/Content.Outlook/DLJNIDFB/While%20typical%20awareness%20campaigns%20on%20climate-smart/-friendly%20actions%20usually%20cost%20more%20than%20100,000%20USD,%20this%20figure%20captures%20costs%20related%20to%20engagement%20with%20developers,%20ministries%20and%20loan%20providers%20involved%20in%20the%20housing%20sector,%20and%20is%20inspired%20from%20figures%20found%20in%20this%20report%20on%20household-scale%20greywater%20reuse%20which%20raises%20the%20point%20of%20estimated%20potential%20annual%20cost%20savings%20arising%20from%20use%20of%20greywater%20systems.
https://www.mdpi.com/2073-4441/14/16/2521
https://www.greenclimate.fund/document/improving-capacity-ministry-agriculture-suriname-build-resilience-climate-change
https://www.greenclimate.fund/document/improving-capacity-ministry-agriculture-suriname-build-resilience-climate-change
https://www.greenclimate.fund/document/improving-capacity-ministry-agriculture-suriname-build-resilience-climate-change
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runoff in  development
projections

well as contractor’'s associations. This figure does
not include the cost of public work upgrades.

Enact policies to prohibit
future road and public

infrastructure development 100,000
in areas of projected sea
level rise.

Estimates are based on St Lucia’s sectoral
adaptation plan for water, where the cost of
enforcing existing and planned regulatory measures
(including updating national legislation, identification
and provision of training for enforcement and
strengthening existing legislation) is US $300,000.
Estimate was derived based on receipt of co-
financing or overlap with other adaptation measures
related to enforcing coastal setback guidelines.

Design regulations  to
ensure that the design of
future coastal roadway
accounts for sea level rise

Estimate was derived using median figures from
GCF proposals requesting funding for developing
legislation or regulation and enhancing the enabling

littering in roadways and
drainage systems

and coastal erosion in the 100,000 environment. The figure does not include average

design phase (and rates of contractors or salaries of maintenance

considers required workers.

maintenance works)

Undertake a study to

identify which segments of

coastal roadways are at the

greatest risk of coastal

erosion and sea level rise. Estimate derived based on figures from GCF

Define which adaptation 60.000 proposals on undertaking feasibility studies with

options are most ! climate vulnerability analysis, in-country expertise,

appropriate for at-risk road and forecasting.

segments (e.g., relocate

existing roads, elevate

roadways, coastal defenses

green and gray)

I)Olrjéguigu\fvi?g ;r:gg;sg;(sj Estimate comes from a UNDP-Ied grant programme
150,000 that allocates US $150,000 into youth education and

innovation.

Table 32: Wastewater: cost justification

Wastewater: Adaptation Program cost

measures (USD)*

Justification

Upgrade existing 2
chamber  septic  tank
system to a 4-chamber
system with soakaways 654,000
and drain fields including
managed wetland systems
(Barbuda).

Estimate assumes US $1,200 (EC $3,200) for
upgrading septic tanks with a conversion unit for 545
households (housing estimates from 2011 census)

Centralized sewage system
in St. John’s City that
collects both sewage and 50,000,000
grey water to reduce flood

Estimates arise from a 2010 feasibility study to
construct a sewage system in St. John City. The
study modeled 3 different systems in St. John City
and the estimate is an extrapolation from the study
and a literature review on sewage and grey water

and sanitation policy that

impacts treatment systems. The estimate accounts for
inflation.

Develop a national Estimates arise from a funding proposal on Water

wastewater management 175,000 Sector Resilience Nexus for Sustainability in

Barbados where developing a water sector plan and
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https://www4.unfccc.int/sites/NAPC/Documents/Parties/Saint%20Lucia%20Sectoral%20Adaptation%20Plan%20for%20Water.pdf
https://www4.unfccc.int/sites/NAPC/Documents/Parties/Saint%20Lucia%20Sectoral%20Adaptation%20Plan%20for%20Water.pdf
https://www.greenclimate.fund/sites/default/files/document/funding-proposal-fp060-ccccc-barbados.pdf
https://www.greenclimate.fund/sites/default/files/document/funding-proposal-fp060-ccccc-barbados.pdf
https://www.greenclimate.fund/sites/default/files/document/funding-proposal-fp060-ccccc-barbados.pdf
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integrates climate change
considerations and
integrates local knowledge
and considerations

making policy suggestions ranges between US
$160,000 and US $300,000. The estimates
accounts for differences between Barbados and
Antigua and Barbuda and our own previous
experiences of working with public sector
organizations to develop policies and plans in the
Caribbean.

Develop an associated
wastewater and sanitation
action plan and ecologically

Estimates are derived from a GEF-funded project
‘An_Integrated Approach to Water and \Wastewater
Management Using Innovative Solutions and
Promoting Financing Mechanisms in the Wider
Caribbean Region’. And from the Water Sector

fixtures in new residential
development

. 200,000 Resilience Nexus for Sustainability in Barbados
sustainable framework that - .
integrates climate change where estimates .for an action plan are at US
. : $300,000. The estimate reflects the development of
adaptation planning ) . .
an action plan and an ecologically sustainable
framework to be a linked but two-step process, and
accounts for differences between the countries.
While typical awareness campaigns on climate-
Promote household smart/-friendly actions usually cost more than
greywater reuse under 100,000 USD, this figure captures the annual cost
hygienic and safe conditions related to engagement with developers, ministries
by educating and and loan providers involved in the housing sector,
incentivizing homeowners and is inspired by figures found in this report on
(e.g., subsidies included in 4,575,000 household-scale greywater reuse which estimates
mortgages) to install low- potential annual cost savings arising from use of
cost and low-maintenance greywater systems. Additionally, incentives account
grey water treatment, which for cost of subsidies for greywater treatment and
can then be wused for number of homes extrapolated from Antigua’s and
irrigation and or cleaning. Barbuda’s population projection and census
estimates
Adoption and enforcement Estimates are for the annual salary of a CBH
of building guidelines that personnel, while the measure can share costs with
specify the design and other adaptation measure related to DCA
maintenance requirements enforcement in the housing sector.
for septic tank systems,
and other sanitation
systems.
DCA and BPC inspectors
conduct site visit to ensure 94,000
that septic tank systems are
sized and sited correctly
(e.0., adherence to
setbacks as specified in the
Building Code) and CBH
capacity responsibility to
ensure that systems are
correctly maintained
Estimate originates from a per household figure on
Address wastewater costs for implementing/retrofitting water-efficient
reduction at the point of use fixtures (source) extrapolated to Antigua and
by including water efficient 900,000 Barbuda’s number of households from the 2011

census and from a literature review. It assumes the
number of new houses to be built considering
population estimates from Antigua and Barbuda.
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file:///C:/Users/vermasi/Downloads/63dde65d-df7c-e811-8124-3863bb2e1360_CEOEndorsement.pdf
file:///C:/Users/vermasi/Downloads/63dde65d-df7c-e811-8124-3863bb2e1360_CEOEndorsement.pdf
file:///C:/Users/vermasi/Downloads/63dde65d-df7c-e811-8124-3863bb2e1360_CEOEndorsement.pdf
file:///C:/Users/vermasi/Downloads/63dde65d-df7c-e811-8124-3863bb2e1360_CEOEndorsement.pdf
https://www.greenclimate.fund/sites/default/files/document/funding-proposal-fp060-ccccc-barbados.pdf
https://www.greenclimate.fund/sites/default/files/document/funding-proposal-fp060-ccccc-barbados.pdf
https://www.greenclimate.fund/sites/default/files/document/gcf-b34-02-add02_0.pdf
https://nap.nationalacademies.org/read/21866/chapter/9
https://www.oas.org/dsd/publications/unit/oea59e/ch31.htm
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Table 33: Housing: cost justification

Housing: Adaptation

measures

Program

cost (USD)*

Justification

Cost of incentive programs depends on the specific
type of program being implemented, (e.g.,

properties for compliance,
to enforce adequate
setbacks both from roads
and adjacent structures in
cities and in coastal areas,
to prohibit development on

Develop incentive behavioral, physical, or economic). This is a base
programs for homeowners conservative estimate derived from a literature
to increase water 390 000 review of effective incentive programs in the water
efficiency, for example ' sector and from studying similar financial proposals
through purchasing water- in the Caribbean. It assumes a conservative
efficient appliances. incentive per household for total number of
households estimated to be built in Antigua and
Barbuda over 10 years.
Estimates arise from a funding proposal on Water
Sector Resilience Nexus for Sustainability in
Fund educational Barbados where estimates for educational
campaigns/programs  to programs on climate change adaptation in the water
raise awareness of water 150,000 sector and climate resilient decision-making are
management and upwards of US $362,000 (EC $978,000). This
practices to implement, conservative estimate accounts for population size
particularly  during dry differences between Barbados and Antigua and
days/ drought periods Barbuda.
. . Estimates are based on the cost of housing retrofits
Provide homeowners with ; : :
financial incentives (e.g in Antlgua and Barbuda wh|f:h have come from
tax breaks. credits I})\}\; Antigua and Barbuda Institute of Architects.
interest Ioa,ns) to r'etrofit 39,000,000 Assuming that retrofits for a high-end house cost US

: $10,000, (EC $27,000), our estimate accounts for

their homes so that they ;
) o 25% of the cost for projected numbers of
are hurricane resilient. .
households in 10 years.
Estimates arise from a funding proposal on Water
Sector Resilience Nexus for Sustainability in
Enhance awareness of : .
. CoT Barbados where educational programs on climate
insurance eligibility, C o )

. change adaptation in the water sector and making
policyholder 150,000 i ilient decisi . 5
responsibilities, terms of climate resi |en_t ecisions r_eqwre_US $362,000 (EC
reference covéra e $978,000). This conservative estimate accounts for

' 9 population size differences between Barbados and
Antigua and Barbuda.
Estimates are based on St Lucia’'s sectoral
adaptation plan for water, where the cost of
Enforce coastal enforcing existing and planned regulatory measures
development setbacks for (including updating national legislation, identification
beaches and coastlines so 690,000 and provision of training for enforcement and
that structures are not built strengthening existing legislation) is US $300,000
in ecologically sensitive (EC $811,000). This estimate is also bottom up and
areas that compromise accounts for the annual salary of civil servants and
resilience. overhead expenses for Antigua and Barbuda.
Enhance enforcement
capacity within _th(_a DCAto Estimates are based on St Lucia’s sectoral
enforce the building code )
) . h adaptation plan for water, where the cost of
in Antigua (e.g., to inspect . —r
. enforcing existing and planned regulatory measures
each phase of housing . ; . ' TR P
development and (mcludlng_updatmg natl_o_nal legislation, identification
584,000 and provision of training for enforcement and

strengthening existing legislation) is US $300,000
(EC $811,000). The estimate is bottoms up and
accounts for the annual salary of civil servants and
overhead expenses per parish in Antigua.
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https://iopscience.iop.org/article/10.1088/2515-7620/abf15c
https://iopscience.iop.org/article/10.1088/2515-7620/abf15c
https://www.greenclimate.fund/sites/default/files/document/funding-proposal-fp060-ccccc-barbados.pdf
https://www.greenclimate.fund/sites/default/files/document/funding-proposal-fp060-ccccc-barbados.pdf
https://www.greenclimate.fund/sites/default/files/document/funding-proposal-fp060-ccccc-barbados.pdf
https://www.greenclimate.fund/sites/default/files/document/funding-proposal-fp060-ccccc-barbados.pdf
https://www.greenclimate.fund/project/fp060
https://www.greenclimate.fund/project/fp060
https://www.greenclimate.fund/project/fp060
https://www4.unfccc.int/sites/NAPC/Documents/Parties/Saint%20Lucia%20Sectoral%20Adaptation%20Plan%20for%20Water.pdf
https://www4.unfccc.int/sites/NAPC/Documents/Parties/Saint%20Lucia%20Sectoral%20Adaptation%20Plan%20for%20Water.pdf
https://www4.unfccc.int/sites/NAPC/Documents/Parties/Saint%20Lucia%20Sectoral%20Adaptation%20Plan%20for%20Water.pdf
https://www4.unfccc.int/sites/NAPC/Documents/Parties/Saint%20Lucia%20Sectoral%20Adaptation%20Plan%20for%20Water.pdf

Sectoral Adaptation Plan: Infrastructure and Housing in Antigua and Barbuda 92

lands less than 0.13m
above the SLR risk line,
etc.)

Re-instate the Barbuda
Planning Commission and
employ an inspector (e.g.,
engineer, architect, or

Bottom-up estimates account for overhead and staff
expenses for civil servants to inspect and enforce

draftsman with in-depth 394,000 the building code on Barbuda plus the approximate
knowledge of the building cost of reinstating the commission.
code) to enforce the
building code on Barbuda
Obtain financing to
complete the construction
(specifically plastering) of
the 104 EU funded homes, Estimates are from consultation during the in-
constructed post- 67,000,000 country mission (January 2023) and account for the
Hurricane Irma to mitigate cost of plastering, labor, and construction.
flood water intrusion
associated with heavy
rainfall events
Estimates are based on the disaster risk and
Design of a pilot program financing expertise within Willis Towers Watson’s
of  micro parametric 100,000 Climate Resilience Hub. They do not include the
insurance schemes for cost of premiums, but of building micro parametric
homeowners. insurance products.
Develop a comprehensive
community-led and
community-informed plan
for restoring and
condemning derelict and
hurnc_:ane-damaged . 2,000,000 Estimates from the Barbuda Council
housing in Codrington
village (clean up debris on
Barbuda impacting homes
from  hurricanes and
adequately dispose of
materials).
Develop and maintain an
up-to-date inventory of
derelict housing in Antigua
(including locations and ) .
land titles) as a precursor The bottom up estimates account for_ the annual
A salary of civil servants preparing an inventory of
to plan and prioritize 130,000 ’ .
| ! housing and includes overhead expenses (e.g.,
condemnation of derelict .
. . transportation, fuel).
homes (including the
option to assess feasibility
of converting homes into
social housing).
.P rowd_e financial The estimates account for the cost of inputs required
incentives for . ' S .
homeowners to build new for cisterns anq are from_allve project in Antigua and
homes  with cisterns Barbuda. The incentive is assumed to be 20% of the
: ' 45,000,000 total cost of cisterns for 9000 homes. Projections for
rather than rain barrels ) . .
. housing comes from population estimates by
which are vulnerable to . :
. . . Antigua and Barbuda till year 2026, extrapolated to
hurricane impacts (flying
year 2030.
away).
Create licensing and The estimates accounts for the part-time salary of 2
certification for contractors 84.000 civil servants for one year to create and test

to build homes in line with
climate resilience

licensing and certification for contractors and
builders
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https://statistics.gov.ag/subjects/population-and-demography/population-projections-by-age-group-annual-1991-2026/
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practices as per the OECS
building code.

Provide access to
comprehensive education
and training for
contractors to acquire the
necessary skillset.

Information dissemination
to homeowners on climate
resilient  housing and
construction as outlined in
the building code. (e.g.,
information on how to hire

a contractor and
draftsmen; DCA
inspection process;

setbacks for septic tank
systems; Ideal material
selection and other ways
to enhance resilience if
affordability is an issue
(e.g., potential financial
incentives)

150,000

Estimates arise from a funding proposal on Water
Sector Resilience Nexus for Sustainability in
Barbados for educational programs on climate
change adaptation in the water sector and making
climate resilient decisions range upwards of USD
362,000. This conservative estimate accounts for
population size differences between Barbados and
Antigua and Barbuda,

Table 34: Energy: cost justification

Energy: Adaptation

measures

Program
cost (USD)*

Justification

Decentralize energy
distribution with
microgrids and  the

As per an energy roadmap analysis by IRENA,

Antigua and Barbuda requires an investment of US
$783 million by the end of the decade for

considerations

renewable energy 783,000,000 transitioning to 100% renewable energy without any
technologies (e.g., solar green hydrogen production.
PV)
Incentive scheme for Assuming the median cost of a 5KW solar system in
renewable energy North America and the Caribbean is US $10,000,
installation, particularly 4,000,000 20% of that will be subsidized for new builds.
for installations of greater
than 5KW

Estimate is derived from the in-country mission
Adequate battery storage (January 2023) and an IRENA study that models
for solar power plants for 100.000.000 several pathways to renewable energy for Antigua
grid stabilization and ' ' and Barbuda and estimates a cost difference of US
storage $100 million for battery storage for energy and

electric vehicles.
Investigate feasibility of Estimates arise from feasibility studies associated
wind power (off-shore with resilience building in the Caribbean by WTW,
and land based), that formerly Acclimatise Ltd.) While the measure relates
incorporate  hurricane- 90.000 to wind power suitability, the cost includes travel,
resilient design (e.g., ' administrative and logistics costs.
blades that can fold
down) and siting

* All programme costs are estimates, were identified from literature reviews, and in-country mission.
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Annex 3: Criteria for Prioritizing Indicative

Adaptation Options

Effectiveness and Impact Does the adaptation option have the capacity to solve problems or realize
opportunities derived from climate change impacts (e.g., economic benefits, costs
avoided, lives saved)?

Ease of Implementation Can the option be implemented without significant legal, political, and institutional
hurdles?

Timeframe How quickly will the option deliver benefits? How long will it take to implement and
operate?

Cost (CAPEX and OPEX) How much will it cost to implement and maintain (capital and operational) the option
over the course of its lifecycle?

Acceptability to local How acceptable or attractive is the option to local stakeholders (e.g., given political,

stakeholders social, economic, and cultural considerations)

Institutional Capacity What level of additional capacity building and knowledge transfer is required to
implement the proposed option?

Climate Vulnerability Will the action help reduce Antigua and Barbuda’s vulnerability to climate impacts?

Reduction Will it increase adaptive capacity (e.g., through poverty alleviation

Potential Environmental or Are there positive co-benefits associated with the option (e.g., to people and the
Social Impacts or Co- environment) and an absence of adverse consequences (e.g., additional GHG
benefits emissions)?

Social Vulnerability —and Does the proposed option provide a positive impact on disadvantaged / vulnerable
Gender Sensitivity communities or decrease negative impacts?

Stakeholders appraised adaptation options against each criterion*** using a Likert scale to rank each
measure from zero (e.g., prohibitive, or extremely difficult) to three (e.g., straightforward, or highly
feasible). Given there are 11 criteria, the highest any adaptation option could score is 33. Adaptation
options with the highest scores against each criterion (generally a score of 25/33 or higher) were taken

forward and are henceforth referred to as adaptation ‘measures’, of which there are 28.

Criteria were given an equal weighting (e.g., the cost is considered equally as important as social
vulnerability) as a consensus on criteria-weighting was not established during project engagements to
date.

As a result of equal weighting, ‘soft’ measures tend to score higher than ‘hard’ measures, as the latter
tend to be very costly and score low on cost and implementation categories, thereby lowering their

overall score. However, the implication that softer measures would thereby achieve greater long-term

154 The selection process for the final criteria included a desktop review of international best practices (such as GIZ’s Training for Trainers Module
2014), consultancy expertise on previous NAP projects completed in the region (such as Grenada’s NAP) as well as the SAP Guidelines for
Antigua and Barbuda provided by DOE.
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resilience outcomes is not necessarily accurate. Importantly, actions that cost less and have fewer

implementation challenges will likely be more feasible to implement.
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Annex 4: Climate Risk and Vulnerability
Assessment (CRVA)

This annex is an addendum to the document.

The CRVA identifies and evaluate key physical climate risks to the energy, road, wastewater, and
housing sectors. It provides a high-level view of the current and future physical climate risk exposure to
key infrastructure sectors and provide guidance on which asset types are exposed to the highest levels
of risk; what risks each asset are exposed to; and how climate change could affect risk exposure in
future.
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Annex 5: Excel-based Risk Register

This annex is an addendum to the document.

"«

As part of the CRVA process, risk causal narratives describe the “cause”, “process” and “consequence”
associated with each climate-related risk to sector-specific. There are 23 narratives in total, presented
in an Excel-based ‘risk register’ and scored on a forward-looking basis according to the likely future
level of impact and likelihood. The narratives encompass direct and indirect risks, as well as

opportunities arising from a changing climate.
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