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Introduction: Socio-metabolic risks (SMRs) are systemic risks associated with

the availability of critical resources, the integrity of material circulation, and the

distribution of their costs and benefits in a socio-ecological system. For resource-

stressed systems like small island nations, understanding trade-o�s and synergies

between critical resources is not only crucial, but urgent. Climate change is already

putting small islands at high risk through more frequent and intense extreme

weather events, changing precipitation patterns, and threats of inundation with

future sea-level rise.

Methods: This study compares the shifting resource-baseline for 14 Caribbean

island nations for the year 2000 and 2017. We analyze water, energy, and food

(WEF) and their nexus through the lens of SMRs, using indicators related to their

availability, access, consumption, and self-su�ciency.

Results: Our findings point to the decreasing availability of all three resources

within the Caribbean region. Meanwhile, between 2000 and 2017, consumption

levels have increased by 20% with respect to water (from 230 to 275 m3/cap/yr)

and primary energy (from 89 to 110 GJ/cap/yr), and 5% for food (from 2,570 to

2,700 kcal/cap/day). While universal access to these resources increased in the

population, food and energy self-su�ciency of the region has declined.

Discussion: Current patterns of resource-use, combined with maladaptive

practices, and climate insensitive development—such as coastal squeeze,

centralized energy systems, and trade policies—magnify islands’ vulnerability.

Disturbances, such as climate-induced extreme events, environmental changes,

financial crises, or overexploitation of local resources, could lead to cascading

dysfunction and eventual breakdown of the biophysical basis of island systems.

This research is a first attempt at operationalizing the concept of SMRs, and o�ers

a deeper understanding of risk-related resource dynamics on small islands, and

highlights the urgency for policy response.

KEYWORDS

socio-metabolic risks, WEF-nexus, climate change adaptation, resource security,

Caribbean SIDS

1. Introduction

The concept of risk is defined as the possibility or chance of potential consequences

and the severity of these arising from some action or event (e.g., human-induced, natural

event, or a combination of both) (Renn et al., 2011; IPCC, 2012). Individual risks describe

how an event perturbs a single component in a system, while systemic risks capture the

potential to inflict immediate and long-term changes on the system—including the potential

cascade effect to other systems on which our society depends, especially for those living in

vulnerable conditions (OECD, 2003; Sillmann et al., 2022). Socio-metabolic risks (SMRs)
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could then be described as a subset of systemic risks associated

with the availability of critical resources, the integrity of material

circulation, and the distribution of their costs and benefits in

a socio-ecological system (Singh et al., 2022). In the context

of this study, the term has a negative connotation as it

emphasizes the potential negative consequences of unsustainable

resource dynamics.

The impact on vital resource systems can jeopardize the

quantity, quality, and accessibility of natural resources, as well as

the sectors reliant on them. In some instances where high SMRs

exist, the system’s ability to organize its own social metabolism

is severely compromised, thus potentially leading to the system’s

socio-metabolic collapse (Singh et al., 2020, 2022). A socio-

metabolic collapse is usually characterized by crossing a threshold

or tipping point, defined as a point at which the number of small

changes or incidents (on the social metabolism’s organization) over

a period of time reaches a level where a further small change has

a sudden and very great effect on a system (Oxford University

Press, 2022) that is oftentimes irreversible. Reaching this threshold

or tipping point can be due to biophysical (e.g., overexploitation

of natural resources), social phenomena (e.g., resource-insensitive

models of development), or a combination of both (Petridis and

Fischer-Kowalski, 2016).

The international community is tasked with solving a set

of intricate and interdependent issues directly linked to the

management of critical resources such as water, energy, and food

(UN General Assembly, 2015; De Amorim et al., 2018). Climate

variability, and complex social, economic and structural changes

(e.g., population growth, rapid urbanization, resource scarcity and

increase in consumption, among others) are putting increasing

pressure on these resources (UNIDO, 2010; Endo et al., 2015;

Spiegelberg et al., 2017; IRP, 2021), which can impact on overall

global resource security, resilience and the exposure to risk.

The water-energy-food (WEF) nexus seeks to understand

the (inter)dependency, synergies, conflicts and trade-offs between

water, energy, and food and the way these resources are shaped by

our global resource system (FAO, 2014; De Laurentiis et al., 2016;

Simpson and Jewitt, 2019; Future Earth, 2022). Moreover, the nexus

explores the extent to which the water, energy and food objectives

from theUN Sustainable Development Goals (SDGs) 2, 6, and 7 can

be simultaneously achieved (Ferroukhi et al., 2015; Mohtar, 2016).

Given the intricate WEF interactions, many complex issues have

confronted communities at all scales with an increasing number of

challenges that affect progress toward the SDGs and that directly

impact on resource security and resilience, especially for Small

Island Developing States (SIDS).

SIDS are often characterized by their narrow resource base,

small size, remoteness, high dependence on imports, and their

vulnerability to extreme weather events and external shocks,

among others (Deschenes and Chertow, 2004; UNCTAD, 2021).

Impacts from climate change are already being experienced bymost

SIDS, hampering the efforts to transition into a more sustainable

future (Thomas et al., 2020; IMF, 2021; Sachs et al., 2021). SIDS

are at a very high risk of anthropogenic groundwater pollution

(UNESCO-IHP and UNEP, 2017; UN, 2022), and most are already

experiencing freshwater stress due to increasing demand and

decreasing supply (IPCC, 2018; Gheuens et al., 2019). Average

energy rates are higher than in other regions (IRENA, 2019) and

they depend on imported fossil fuels for up to 90% of their

energy needs (UNEP, 2014). Similarly, SIDS are primarily net food-

importing countries with low domestic food production, which

makes them highly vulnerable to price fluctuations and availability,

thus impacting on food security (UN-OHRLLS, 2013; Dorodnykh,

2017; FAO, 2019, 2020b, 2021b).

The decoupling of island economies from their natural

environment is characteristic of SIDS, and their reconnection

is a precondition for island sustainable development (Chertow

et al., 2013). For SIDS, a combination of distinct resource-

use patterns, demographics, maladaptive and climate-insensitive

models of development, and the adverse effects of climate change

have led to compounding shocks and weak coping and adaptive

capacities to face systemic risks, which often amplify pre-existing

system’s vulnerability levels and sustainability challenges, and

reduces its resilience to shocks and changes (Singh et al., 2020,

2022; Thomas et al., 2020; IMF, 2021; Sachs et al., 2021). These

dynamics should also be understood through the amplification

of risks due to the compounding effects of multiple hazards

happening simultaneously or sequentially that trigger cascade

effects and affect other components of the system, which puts

development needs in jeopardy (Klose et al., 2021; Franzke et al.,

2022). Natural hazards like flooding can compromise access to

clean freshwater resources, leading to disruptions in agriculture and

food production; hurricanes can damage to energy infrastructure,

leading to fuel shortages and impacting on the ability to power

essential services like hospitals and emergency response systems;

a drought followed by a heatwave could cause crops to wither and

die, leading to food shortages and price spikes that increase food

insecurity, affecting the ability of people to access essential nutrients

(Zhang et al., 2018; OECD, 2021; Rentschler et al., 2022). Thus,

water, energy, and food can be regarded as interdependent and

essential resources in need of a sustainable management approach

that maximizes resource-security, improves the linkages within the

nexus, and reduces inherent systemic risks.

This study compares the shifting resource-baseline for 14

Caribbean SIDS during the years 2000 and 2017. It analyzes three

critical resources: water, energy, and food (WEF) and their nexus,

focusing on the dimensions of availability, access, consumption,

and self-sufficiency. We discuss these findings through the lens

of SMRs. We adopt a combined quantitative and qualitative

approach to (a) analyze the WEF-nexus in the Caribbean region

with regards to the four dimensions, and to (b) identify and

interpret potential socio-metabolic risks associated with WEF-

nexus dynamics. Our study is motivated by the question: Do

the trends on these critical resources constitute potential socio-

metabolic risks in Caribbean SIDS? This original research offers

the first attempt at operationalizing the concept of SMRs. It further

expands the WEF-nexus literature and aims at providing baseline

data for policy and other stakeholders to better understand the

resource dynamics, resource availability and security, as well as

identify potential barriers and openings for positive transformative

change in Caribbean SIDS.

The remainder of this article is organized as follows. Section 2

provides a brief review of the origins, evolution, and state-of-the-

art research on the WEF-nexus. Section 3 outlines the methods,
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data sources and indicators utilized for analyzing the WEF. In

Section 4, we present our results in the form of spider-grams for

each resource across the four dimensions, followed by a discussion

on socio-metabolic risks in Section 5. The final section offers a

meta-reflection on the key findings of this study.

2. Brief overview of the emergence
and current state of the
water-energy-food nexus

There is no clear consensus on the precise origins of the WEF-

nexus concept. Some scholars may argue that it first appeared on

The Limits to Growth report, stating the “varied but interdependent

components-economic, political, natural, and social-that make up

the global system in which we all live” (Meadows et al., 1972, p.

9). Similarly, The Report of the World Commission on Environment

and Development of 1987 stated that sustainable development

and natural resources “are connected and cannot be treated in

isolation one from another” (Brundtland, 1987, p. 18), suggesting

the need of “nexus thinking”. Newell et al. (2019) presented a 40-

year literature review ofWEF-nexus where they highlight academic

publications on the (partial) nexus approach from as early as in

1988. A review by Endo et al. (2017) reveals that a large number of

nexus-related conferences, initiatives and projects have been held

since the early 80’s. More prominently, theWEF-nexus concept has

gained momentum both in policy and academia in the past decade.

Several authors (Biggs et al., 2015; Endo et al., 2017; Albrecht

et al., 2018; Simpson and Jewitt, 2019) agree that one of the key

events that marked in earnest the recognition of the WEF-nexus

was the Bonn 2011 Nexus Conference The Water Energy and Food

Security Nexus–Solutions for the Green Economy (Hoff, 2011). In

addition, the 2011 report of the World Economic Forum titled

Water Security–The Water-Food-Energy Climate Nexus was pivotal

in bringing the concept under the global spotlight (The World

Economic Forum, 2011). Subsequently, the number of academic

publications on the WEF-nexus more than doubled between 2011

and 2016 (Newell et al., 2019).

According to Pahl-Wostl (2017), the focus of WEF-nexus

publications in the first 4 years immediately after the Bonn 2011

conference was closely related to resource security, and widely

promoted in policy and development circles (Simpson and Jewitt,

2019). In addition, several clusters of research have been identified

by Endo et al. (2017) and Newell et al. (2019). According to their

classification, these clusters range from partial nexuses such as

energy-food, energy-biofuels, water-food, and water-energy to a

more integrated WEF nexus-based approach, with some clusters

exploring even newer concepts such as the urban WEF-nexus

or climate-related nexuses. The WEF-nexus concept has also

broadened its scope to emphasize the interconnectedness and

interdependencies of other resources with the goal to achieve

sustainable management of natural resources more generally. The

nexus approach has also lent its power to advance conceptual

frameworks aimed at understanding problem framing or for

promoting cross-sectoral collaboration (Bazilian et al., 2011;

Keskinen et al., 2016; De Amorim et al., 2018). Increasingly,

the WEF-nexus concept has been mainstreamed in development

practice and policy, and also being used at the project planning level

with uptake by public and private sectors (FAO, 2018).

The analysis of the WEF-nexus has also covered an umbrella

of different tools, scales and approaches to evaluate the nexus

(Albrecht et al., 2018). Tools include Integrated AssessmentModels

(Howells et al., 2013), Material Flow Analysis (Walker et al., 2014),

Life Cycle Analysis (Mohtar and Daher, 2014), or Sankey Diagrams

(Mukuve and Fenner, 2015), among others. Spatial and temporal

scales include Asia-Pacific region (Asian Development Bank, 2013;

UN-ESCAP, 2013; Taniguchi et al., 2017), Europe (Adamovic et al.,

2019), and Latin America and the Caribbean (LAC) (Mahlknecht

et al., 2020), while others have investigated more specific case-

studies on the water-energy-food accounting, such as in Egypt (El-

gafy, 2017), and Southern Africa (Nhamo et al., 2018). Other groups

of scholars have analyzed a partial nexus, or a nexus coupled with

emphasis on other aspects such as with ecosystems, land, or climate

change (Hoff et al., 2013; Ferroukhi et al., 2015; UNECE, 2015).

Yet, only a few studies have adopted the nexus approach to address

resource challenges in the island context (see Table 1).

With respect to the Caribbean, Mahlknecht et al. (2020)

performed one of the first WEF-nexus studies, examining the

baseline and trends of these essential resources. However, this study

was done in combination with Latin America which restricts a

fuller understanding of WEF dynamics specifically for Caribbean

SIDS. The most complete study to date on the WEF-nexus for

Caribbean SIDS was performed by Winters et al. (2022), in

which an evaluation of sustainability under current conditions was

performed. However, the approach used in their study provided

only a partial view of the WEF-nexus and prevented a more

thorough understanding of the resource-use dynamics, particularly

the associated risks from such trends.

To effectively address the complexity of the WEF-nexus, it is

essential to develop a nexus methodology that can systematically

highlight the trade-offs and synergies between water, energy, and

food resources in a socio-ecological system. The implementation of

such approach would benefit from a combination of qualitative and

quantitative methods and tools from natural and social sciences.

Our study stands out for its attempt to fill both the methodological

and data gaps in the current understanding of the WEF-nexus in

Caribbean SIDS. Additionally, our proposed approach is the first

attempt at operationalizing the concept of socio-metabolic risks,

making it a unique contribution to the field. By including social

and natural science methods and tools with a socio-metabolic risk

perspective, the approach provides a more holistic understanding

of the interdependent resource-use dynamics and the associated

risks, ultimately contributing to the sustainable management of

these essential resources in the Caribbean region and benefiting

policymakers and researchers.

3. Methods

Fourteen Caribbean SIDS formed the basis of our analysis. The

island territories analyzed together represent more than 90% of

the Caribbean’s total population as well as land area, a diversity of

landscapes, climatic conditions, island sizes, governance structures,

and levels of economic and human development (see Table 2).
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TABLE 1 Overview of water-energy-food nexus studies on island territories across the world.

Island territory Scope of the nexus Source

Orkney Island (Scotland) Water-energy: Potential for energy generation from tidal power UN Sustainable Water and Energy Solutions

Network (2020)

Mauritius Water-energy: Potential of water desalination through solar energy UN Sustainable Water and Energy Solutions

Network (2020)

Canary Islands Water-energy: Potential of water desalination through solar energy UN Sustainable Water and Energy Solutions

Network (2020)

Mauritius Water-energy-food: Potential of biofuel generation from sugarcane Giampietro et al. (2013)

14 Pacific Island Countries Energy-food: Connections between bioenergy and food security Chapman (2009)

Crete, Greece Energy-food: Connections between agriculture and renewable energies Vourdoubas (2020)

Small Island Developing States Water-food: Freshwater for food and nutrition security FAO and Vrije Universiteit Amsterdam (2020)

St. Eustatius Water-energy-food: Analysis of resource shortages caused by extreme weather

events

Daw and Stout (2019)

Bonaire Water-energy-food: Introductory factsheet of potential nexus interventions van der Geest and Slijkerman (2019)

Trinidad & Tobago, Dominican

Republic, Jamaica, Haiti, Cuba

Water-Energy-Food: Planetary boundaries (including indicators for WEF)

within the “safe and just space” framework

Jia (2019)

LAC Water-energy-food: Challenges and opportunities for resource security Bellfield (2015)

LAC Water-energy-food: Role of green infrastructure in achieving WEF security in

the region

IDB (2019)

The Bahamas Water-energy-food: Options for resource security Beatty (2015)

LAC Water-energy-food: Baseline and trends of these essential resources in the

region

Mahlknecht et al. (2020)

10 Caribbean SIDS Water-energy-food: Evaluation of WEF sustainability under current

conditions

Winters et al. (2022)

LAC stands for Latin America and the Caribbean.

TABLE 2 Comparative table among countries, showing di�erent biophysical and socioeconomic attributes.

Countries Population 2017 Land area km2 GDP Per capita
2017

HDI 2018 Ease of doing
business index 2019

1. Antigua and Barbuda 95,400 440 15,820 0.776 113

2. Aruba 105,400 180 25,630 0.908 N/A

3. Barbados 286,200 430 16,300 0.814 128

4. Cuba 11,340,000 103,800 8,540 0.778 N/A

5. Dominica 71,500 750 6,950 0.724 111

6. Dominican Republic 10.510,000 48,300 7,200 0.745 115

7. Grenada 110,900 340 10,200 0.763 146

8. Haiti 10,980,000 27,600 770 0.510 179

9. Jamaica 2,921,000 10,800 5,100 0.726 71

10. St.Kitts and Nevis 52,000 260 19,100 0.777 139

11. St. Lucia 181,000 610 9,600 0.745 93

12. St. Vincent and

the Grenadines

110,000 390 7,150 0.738 130

13. The Bahamas 382,000 10,100 31,900 0.805 119

14. Trinidad & Tobago 1,384,000 5,100 16,000 0.799 105

Sources: The World Bank (2022d,g,i), Villeret (2022), and Worldometer (2022). HDI stands for Human Development Index. Ease of doing business was based on a rank among 190 countries.
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Please note that the Supporting Material provides underlying data

in tabular form utilized to elaborate Figures 2–4 of this study.

To evaluate the WEF nexus and operationalize the concept of

SMRs for the 14 Caribbean SIDS, the study adopts a combined

quantitative and qualitative approach. For the quantitative part,

key attributes for water, energy, and food are measured in two

points in time, the years 2000 and 2017. We proposed four resource

dimensions, namely: a) availability, b) access, c) consumption,

and d) self-sufficiency, which were evaluated and compared with

respect to each of the resources. These dimensions are mostly based

on the SDGs 2–Zero Hunger, SDG 6–Clean Water and Sanitation,

and SDG 7–Affordable and Clean Energy.

• Availability is the estimated amount of “exploitable” resources

per capita that is potentially available to the population of

a country in a given year and that is based on the island’s

domestic resource-base.

• Access is the percentage of the population in a country that can

utilize the benefits of a particular resource for their basic needs.

• Consumption is the estimated amount of resources consumed

per capita each year, and is a measure of affluence.

• Self-sufficiencymeasures the capacity of a country tomeet their

resource needs through locally available resources.

These four dimensions attempt to encompass most of the

characteristics of the dynamics of resource-use in the island

context. Availability highlights the abundance or lack thereof

of a particular resource. Access and Self-sufficiency build on

the physical, social, economic, and political circumstances of

the system, and reveals deficiencies and strengths in the supply

chain. Consumption describes knowledge and habits of the quality

and quantity of the resource consumed: assuming that sufficient

resources are available and accessible, the population decides the

type of resource to acquire and consume.

The qualitative part of this analysis is performed through an

assessment of the quantitative part of theWEF dimensions in which

we interpret the associated potential SMRs as well as opportunities

to develop and implement risk mitigation and adaptation strategies

in the system. Instead of focusing on definitive thresholds, a

directionality approach is used to identify whether the system is

at an increasing risk of being locked into a pattern of resource

use that could potentially lead to collapse. This was done in such

a way due to not existing an established definitive index, scale,

or threshold specifically for evaluating SMRs. Additionally, when

internal and external pressures are included such as governance

or climate change, we could further identify those elements that

exacerbate or alleviate SMRs. Figure 1 shows a conceptual figure

utilized to operationalize the concept of SMRs.

Results are visualized using spider-grams, a technique that

enables the identification of the different variations in performance

of all resources involved with respect to a specific dimension. To

aid comparison, the performance on resource access and self-

sufficiency was measured both in percentages (from 0 to 100%).

For resource availability and consumption, the performance was

visualized through a single range scale going from zero to the

maximum estimated value between the 2 years analyzed. Average

numbers for the 14 case studies analyzed are also included in the

spider-grams for each dimension. Table 3 below provides further

details on data sources, description of dimensions, and calculations

for the analysis.

3.1. Features considered for the WEF-nexus
and the operationalization of
socio-metabolic risks

This study relied primarily on international data sources

like FAO AQUASTAT database for water, FAO Food Balance

Sheets database for food, and a variety of international platforms

and institutions that compile information on the energy sector

such as the U.S. Energy Information Administration, IRENA,

NREL, and others. Due to limitations in data availability and the

methodological approach applied in this study, the analysis focused

on the years 2000 and 2017. Historical baseline data was not fully

available at the required level of detail to analyze all four proposed

dimensions for water, energy, and food and thus prohibited a more

in-depth time-series assessment. To complement our results, we

reviewed baseline data for other time points and identified general

trends using international data sources and national statistics where

possible. These data sources have been compiled and processed

from sources believed to be reliable, however it is advised that

our results should be considered with a degree of caution due

to inconsistencies in definitions, data collection methodologies,

and completeness.

3.1.1. Water
For water availability, we accounted for all available internal

renewable water resources (surface water and ground water). We

did not consider water that was desalinized for utilization of

the island, as this is drawn from outside the island’s boundary

(therefore an “import”) and is not regulated by the island’s internal

hydrology. For water access, “basic sanitation” refers to facilities

that are not shared with other households and include flush/pour

flush toilets connected to piped sewer systems, septic tanks or

pit latrines, or pit latrines with slabs (including ventilated pit

latrines), or composting toilets (The World Bank, 2022f). “Basic

drinking water” refers to “water coming from an improved source,

provided collection time is not more than 30min for a round

trip. Improved water sources include piped water, boreholes or

tube-wells, protected dug wells, protected springs, and packaged or

delivered water” (The World Bank, 2022f).

3.1.2. Energy
For energy availability, we accounted for fossil fuel reserves

(oil and natural gas), and potentials of renewable energy.

Energy sources for total primary energy consumption include

coal, natural gas, petroleum and other liquids, and nuclear.

Renewable energy potentials include wind, solar, hydro, biomass,

and geothermal energy. Energy access refers to the percentage

of population in each country that have relatively simple,

stable access to electricity and related services. It can also
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FIGURE 1

Conceptual figure utilized to operationalize the concept of socio-metabolic risks. Certain combination of resource-use dynamics could entail

socio-metabolic risks, which could lead to weak coping and adaptive capacities to face systemic risks. At the same time, a better understanding of

these resource-use dynamics and socio-metabolic risks could enhance resource performance across all the dimensions through identifying

potential barriers and openings for positive transformative change.

be seen as the “electrification rate”. Energy self-sufficiency

accounts only for locally extracted primary energy resources

(fossil, biomass), as well as for installed capacity of renewable

energy generation.

3.1.3. Food
Food availability accounts for all food (inclusive of primary

crop harvest, marine catch, main livestock products and processed

foodstuff) reaching the consumer at households and outside

home (e.g., restaurants, etc.) for residents only. Residents include

refugees and long-term guest workers and exclude tourists or

temporary visitors. This dimension corresponds to the “Food

Supply Quantity” indicator from FAO–Food Balance Sheets and

is essentially the food available for consumption measured in

kg/cap/yr. The “Prevalence of undernourishment” was utilized

to account for Food Access. It expresses the probability that

an individual consumes an insufficient amount of daily calories

for an active and healthy life and it is an indicator of lack of

food access. Food consumption refers to the estimated energy

content from foodstuffs available for consumption, measured

in caloric value (kcal/cap/day). This indicator can be useful to

determine if the food availability is of sufficient energy content

to meet the resident’s needs. Food self-sufficiency accounts for

the country’s capacity to meet its own food needs from domestic

food production.

4. Results

On average, the availability of locally exploitable resources for

the case studies analyzed showed a decreasing trend between 2000

and 2017. Simultaneously, there is not only an increase in the

universal access of WEF by island citizens but growing affluence

and industrial development has also led to higher levels of resource

consumption and lower self-sufficiency, especially for energy (at

14%) and food (at 70%). Water consumption and primary energy

consumption both increased 20%, while food consumption slightly

increased 5%.

4.1. Water performance

Between 2000 and 2017, the Caribbean SIDS did not show

a significant change in the available (or potentially exploitable)

water resources per capita as it went from 1,900 m3/cap/yr to

1,700 m3/cap/yr. Water access showed small improvements in the

region, going from 83 to 89%. Water consumption per capita

slightly increased from 230 m3/cap/yr to 275 m3/cap/yr. There
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TABLE 3 Description, calculations, and sources of the di�erent dimensions utilized to analyze the water, energy, and food.

Dimensions Description Calculations Sources

Water Availability

[m3/cap/yr]

Amount of “exploitable” water per capita that

is potentially available to the population

(Total Renewable Surface Water plus

Total Renewable Ground Water)

divided by population

FAO, 2022b; The World Bank, 2022j

Access [%] Average percentage of the population having

basic drinking water and sanitation services

Directly obtained from source FAO, 2022c

Consumption

[m3/cap/yr]

Amount of consumed water per capita per

year

(Fresh water withdrawals plus

desalinized water) divided by

population

FAO, 2022c

Self-sufficiency [%] Share percentage of total water consumed that

is domestically harvested, or from within the

national boundary

100% minus Water Dependency Ratio

measured in percentage

FAO, 2022c

Energy Availability

[GJ/cap/yr]

Amount of primary energy per capita that is

potentially available to the population

(Non-renewable energy plus renewable

energy) divided by population

IRENA, 2012; Herbert, 2013; NREL,

2015j; Ochs et al., 2015; CARICOM,

2018b; EIA, 2022a; Energypedia, 2022

Access [%] Percentage of population in each country that

have relatively simple, stable access to

electricity

Directly obtained from source The World Bank, 2022b

Consumption

[GJ/cap/yr]

Amount of consumed energy per capita per

year

Total primary energy consumption

divided by population

EIA, 2022a

Self-sufficiency [%] Share of total energy consumption satisfied

from locally extracted primary energy

resources

Directly obtained from source EIA, 2022a

Food Availability

[kg/cap/yr]

Amount of available food per capita Directly obtained from source FAO, 2021a

Access [%] Proportion of the population at or above the

minimum level of dietary energy consumption

based on the 3-year average prevalence of

undernourishment.

100% minus prevalence of

undernourishment measured

FAO et al., 2015; FAO, 2022b

Consumption

[kcal/cap/day]

Refers to the quantities of food available for

human consumption at the retail level by the

country’s resident population (apparent

consumption)

Directly obtained from source FAO, 2021a

Self-sufficiency [%] Share of food coming exclusively from local

production

Total food availability divided by total

locally produced food

FAO, 2021a

was no change in the region’s water self-sufficiency levels, staying

close to 90%. The results of our methodology are comparable with

the results of the WEF study in Caribbean SIDS presented by

Winters et al. (2022) for water availability, access, and consumption.

Nonetheless, slight variations remain due to completeness of the

data, indicator definitions, and differences in data compilation

methodologies. Figure 2 shows the water spider-grams of the 14

Caribbean SIDS across all four dimensions during the years 2000

and 2017.

For availability, Antigua & Barbuda, Barbados, and St. Kitts

and Nevis show values of <700 m3/cap/yr for both 2000 and

2017, with Aruba having values close to 0 m3. In comparison,

other countries show more than four times this water availability.

Jamaica in 2000 exhibits water resources of around 4,000m3/cap/yr,

followed closely by Cuba and Trinidad & Tobago, with values of

around 3,400 and 3,000 m3/cap/yr respectively. In 2017, Jamaica

and Trinidad & Tobago reduced their availability by around 9%,

moving to 3,700 m3/cap/yr and 2,800 m3/cap/yr respectively.

Water access increased from 83% in 2000, to 89% in 2017.

Improvements in water access was seen across all countries. Haiti

and Cuba, which have the lowest access scores in the region,

increased their water access from 36 to 50% for Haiti, and from 63

to 70% for Cuba.

Water consumption per capita for Caribbean SIDS in the year

2000 was close to 230 m3/cap/yr, increasing 20% in 2017 to 275

m3/cap/yr, showing an overall rising trend of total water use. The

highest water consumptions per capita for Caribbean SIDS were

for Cuba and Dominican Republic, with 470 and 570 m3/cap/yr

respectively in 2000. Consumption increased by 30% for Cuba

(to 610 m3/cap/yr) and by 20% for Dominican Republic (to 680

m3/cap/yr) in 2017. St. Vincent and the Grenadines, and The

Bahamas present the lowest values for both periods, with 93 and 94

m3/cap/yr respectively for the year 2000, and 77 and 92 m3/cap/yr

respectively for the year 2017.

On average, we found no change in the region’s water self-

sufficiency. Most countries are 100%water self-sufficient, except for

Haiti, which has around 90% water self-sufficiency, and Aruba with

values close to 0%. Aruba lacks enough surface water and ground

water to satisfy their needs. This country partially overcomes that

challenge through desalination of sea water.
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FIGURE 2

Caribbean SIDS water spider-gram for the years 2000 and 2017.
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4.2. Energy performance

Between 2000 and 2017, Caribbean SIDS remained constant in

the average availability of energy resources (210 GJ/cap/yr in 2000

and 160 GJ/cap/yr in 2017), however there are great disparities

between countries as changes mainly depend on fossil fuel reserves.

Significant improvements in energy access in the region took place,

advancing from 85 to 96%. Average energy consumption per capita

increased from 89 GJ/cap/yr to 110 GJ/cap/yr. Overall, energy self-

sufficiency in the region remains low at only 14%. Our results are in

a similar range when cross-checked with independent studies that

include an analysis on energy access and energy self-sufficiency in

Caribbean SIDS (Surroop et al., 2018; OECD et al., 2021). Figure 3

shows the energy spider-grams of the 14 Caribbean SIDS across all

four dimensions during the years 2000 and 2017.

Throughout the region, we found huge disparities among

individual countries in terms of energy availability. The only 3

countries in this study with proven fossil fuel reserves are Trinidad

& Tobago, Barbados, and Cuba (EIA, 2022b). In 2017, the countries

that continue having fossil fuel reserves are Trinidad & Tobago and

Cuba, however the reserves from Barbados significantly diminished

(EIA, 2022d). The country with the highest renewable energy

potential is St. Kitts and Nevis, followed by St. Vincent and the

Grenadines, Dominica, and Antigua & Barbuda. This renewable

potential comes mainly from geothermal energy (for St. Kitts and

Nevis, Dominica, and St. Vincent and the Grenadines), and Wind

(for Antigua & Barbuda) (IRENA, 2012; Herbert, 2013; NREL,

2015b,c,d,e,f,g,h, 2020; Ochs et al., 2015; CARICOM, 2018a).

Trinidad & Tobago’s available energy per capita (mainly from

fossil fuels) is the highest from Caribbean SIDS for both years,

with a value of around 34,000 GJ/cap/yr in 2000 and around 13,000

GJ/cap/yr in 2017. The country with the second highest availability

is St. Kitts and Nevis with 960 GJ/cap/yr and 810 GJ/cap/yr for 2000

and 2017 respectively. Cuba ranks third with 560 GJ/cap/yr in 2000,

and 320 GJ/cap/yr in 2017.

Without accounting for Trinidad & Tobago, the average value

of energy availability per capita in the year 2000 was 210 GJ/cap/yr,

while in the year 2017 was of 160 GJ/cap/yr. The lowest values of

exploitable energy are for Dominican Republic and Haiti with less

than 5 GJ/cap/yr for both years. In 2000 and 2017, the exploitable

energy potential for 6 out of 14 countries was below 50 GJ/cap/yr.

Barbados dropped 70% from 280 GJ/cap/yr to around 80 GJ/cap/yr.

The remaining countries were over 130 GJ/cap/yr in both years.

Energy access for the year 2000 was 85% on average, and

increasing to 96% in 2017. Antigua & Barbuda, Barbados and

The Bahamas showed 100% energy access for both years, while

countries such as St. Vincent and the Grenadines, Trinidad &

Tobago, and Dominica show a 26, 20, and 19% increase in energy

access respectively between the years 2000 and 2017. In the year

2017, Aruba, Cuba, Dominica, Dominican Republic, Jamaica, St.

Kitts and Nevis, St. Vincent and the Grenadines, and Trinidad

& Tobago reached 100% energy access. Haiti’s score was the

lowest for both years, with 34 and 44% for the years 2000 and

2017 respectively, with huge variation in access between rural and

urban populations.

Among Caribbean SIDS, Trinidad & Tobago has the highest

energy consumption per capita for both years, almost doubling

from 370 GJ/cap/yr to 690 GJ/cap/yr in 2000 and 2017 respectively,

which is more than 4 times the regional average of 89 GJ/cap/yr

in 2000 and 110 GJ/cap/yr in 2017. The Bahamas and Aruba

ranked second (200 GJ/cap/yr) and third (180 GJ/cap/yr) in 2000.

The rest of the countries were below the 100 GJ/cap/yr in both

years. Noticeably, Haiti exhibits consumptions of <5 GJ/cap/yr for

both years.

On average, we found no change in the region’s energy self-

sufficiency, remaining low at only 14%. Trinidad & Tobago was

the only country with 100% energy self-sufficiency during both

years. Cuba ranks second, at 35% in 2000 and increasing to 41%

in 2017. The rest of the countries fall below the 20% of energy self-

sufficiency for both years. Antigua & Barbuda, Aruba, Grenada, St-

Kitts and Nevis, St. Lucia, and The Bahamas had 0% self-sufficiency

in 2000, and virtually no progress was made up to 2017. The most

effort in self-sufficiency was seen on Aruba, which increased from

0% in 2000 to 8% in 2017.

4.3. Food performance

Average food availability remained constant at around 650

kg/cap/yr, but with high variations between countries. Considerable

improvements in sufficient food access were observed, increasing

from 81% in 2000 to 88% in 2017. Moderate change in food

consumption per capita was observed as consumption changed

from 2,570 kcal/cap/day in 2000 to 2,700 kcal/cap/day in 2017.

Overall, food self-sufficiency dropped from 78% in 2000 to 67% in

2017. For food availability and self-sufficiency, the results of our

methodology during 2000 and 2017 are in line with the results

of the study on biomass flows accounting performed by Rahman

et al. (2022) when considering primary crop harvest, marine catch,

and main livestock products. A study by the Caribbean Public

Health Agency (2017) on food consumption (in kcal/cap/day)

in the Caribbean also validates our findings. Figure 4 shows the

food spider-grams of the 14 Caribbean SIDS across all four

dimensions during the years 2000 and 2017. Food statistics for

Aruba were unavailable and have been left out of the visualizations.

Nonetheless, a report from The World Bank highlights that food

self-sufficiency in Aruba is extremely low, whereas food availability

and access are high (Boyer et al., 2020).

We could observe slight differences among individual countries

in terms of food availability. Dominica showed the highest levels

at above 1,000 kg/cap/yr during both years, while Haiti showed

the lowest levels at 380 kg/cap/yr and 420 kg/cap/yr for 2000 and

2017 respectively. Dominican Republic had a drastic increase in

food availability (close to 60%) going from 500 kg/cap/yr to 790

kg/cap/yr. Contrastingly, The Bahamas dropped significantly (close

to 30%), from 900 kg/cap/yr to 640 kg/cap/yr. A decline in food

availability of almost 30%was also observed in St. Lucia, going from

720 kg/cap/yr to 560 kg/cap/yr.

Reported sufficient food access of more than 80% was seen in

9 out of 13 countries in 2000, while for 2017 these increased to 12

out of 13 countries (no data was available for Aruba). The countries

with the highest access were Barbados, Cuba, and Dominica with

values above 94% in both years. The country that showed the
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FIGURE 3

Caribbean SIDS energy spider-gram for the years 2000 and 2017. Note that, as Trinidad & Tobago exhibits a contrasting di�erence as compared to

the rest of Caribbean SIDS for energy availability, we set its maximum “boundary” to 1,000 GJ/cap/yr to better visualize the rest of the countries.
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FIGURE 4

Caribbean SIDS food spider-gram for the years 2000 and 2017. Note that food statistics for Aruba were unavailable and as such Aruba was not

included in the food analysis.
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highest increase in food access was Antigua & Barbuda, with

58% in 2000, and that increased to 86% in 2017. For both years,

Haiti had the lowest food access, with 45 and 51% in 2000 and

2017 respectively.

In 2000, the highest food consumption per capita was seen

in Cuba and Dominica, both at around 3,000 kcal/cap/day. In

the same year, Haiti had the lowest score, with around 2,000

kcal/cap/day that increased 10% to 2,200 kcal/cap/day in 2017.

In 2017, Cuba overtook Dominica as the highest food consumer

with 3,400 kcal/cap/day, followed closely by Trinidad & Tobago,

St. Vincent and the Grenadines, and Dominica at around 3,000

kcal/cap/day. Between 2000 and 2017, nine countries had an

increasing trend in their food consumption per capita, with the

maximum increase being for Dominican Republic (30% more),

from 2,200 to 2,900 kcal/cap/day. On the other hand, The Bahamas

showed the highest decline in their consumption per capita in the

same period (35% less), going from 2,800 to 2,000 kcal/cap/day.

Food self-sufficiency in the region showed a steep decline

between 2000 and 2017, from 78 to 67%, also with significant

variations between countries. Cuba and St. Vincent and the

Grenadines have the highest self-sufficiency in the region in

2000, at 100%. Countries with the lowest self-sufficiency in 2000

were Antigua & Barbuda and The Bahamas, both at levels

below 40%. The rest of the countries are above the 50% self-

sufficiency. In 2017, the food self-sufficiency for Antigua & Barbuda

declined to 23%, followed by St. Kitts and Nevis at 77%. The

rest of the countries were all above 50% food self-sufficiency.

The country with the highest increase in self-sufficiency was

The Bahamas, going from 37% in 2000 to 50% in 2017. The

countries that showed the highest decrease in self-sufficiency

were Trinidad & Tobago (from 78 to 44%), Barbados (from

85 to 53%), and St. Vincent and the Grenadines (from 100

to 78%).

5. Discussion

Singh et al. (2022, p. 7) define socio-metabolic risks as

the “systemic risk associated with the availability of critical

resources, the integrity of material circulation, and the (in)equitable

distribution of derived products and societal services in a socio-

ecological system”. In this sense, specific resource dynamics

can entail SMRs and cascade effects, which in turn inhibit

progress toward greater resource security, self-reliance, and the

system’s ability to continue delivering societal services necessary

for survival (Singh et al., 2022). In the island context, their

distinct characteristics of economic model, small size, remoteness,

biogeography, limited resource-bases and more, could present a

scenario where socio-metabolic risks can occur. From our analysis,

we can observe that Caribbean SIDS exhibit distinctWEF dynamics

conductive of varying degrees of SMRs.

In the following sub-sections, we will discuss each resource

and potential SMRs at the level of the region. However, we

need to consider variations, shifting baselines, and context when

it comes to country-level planning. Table 4 offers an overview

of the observed SMRs for each resource and across all four

dimensions analyzed.

5.1. Water and socio-metabolic risks

Water resources in Caribbean SIDS are limited as these exhibit

special vulnerabilities to anthropogenic and natural pressures.

From our case studies analyzed, Antigua & Barbuda, Aruba,

Barbados, St. Kitts & Nevis, and St. Vincent and the Grenadines

are already below the thresholds of water scarcity levels of 1,000

m3/cap/yr established by the UN-Water organization (UN-Water

TF-IMR, 2009). In fact, our results show that Aruba, Barbados,

and St. Kitts & Nevis are currently experiencing extreme water

scarcity levels, with <500 m3/cap/yr available (UN-Water TF-IMR,

2009). The threat of water scarcity is increased in islands such

as Grenada, Jamaica, St. Lucia, and Trinidad & Tobago due to

various factors such as pollution, saltwater intrusion, and others.

This is particularly acute for low-lying islands like Barbados and

The Bahamas (UNESCO-IHP and UNEP, 2017). For Caribbean

SIDS, the risk of water scarcity and water crisis increases as demand

steadily becomes larger than supply (Holding et al., 2016). FAO

(2022b), reports a declining trend in renewable water resources per

capita since the 1960’s, alongside an increasing trend in freshwater

withdrawals since the 1990’s. The concentration of population and

industries in dense urban areas and the growing tourism develops

into higher water demand and in changes in surface water and

groundwater quality. This increasing risk is partially caused by the

conversion of catchment areas for urban development zones or

for agriculture, by fresh-saline water interface migration, chemical

pollution, and improper sewage disposal, among others. Moreover,

during natural hazards, the already limited freshwater resources are

often contaminated by seawater, and pollutants intrusion, which in

turn further jeopardize water security and health (UNESCO-IHP

and UNEP, 2017; UNESCO and UN-Water, 2020; Dubrie et al.,

2022).We can already observe evidence of this in Jamaica, Trinidad

& Tobago, Antigua & Barbuda, Barbados, and Aruba (Kelman and

West, 2009; Cashman, 2014).

The impacts of climate change can have severe consequences

in resource security, especially with projections of 2 degrees

Celsius warming above preindustrial levels by 2030 (Karnauskas

et al., 2018; Drakes et al., 2020). Large variability of rainwater

and temperature has been observed in Caribbean SIDS: a rise

in temperature exceeding 0.5◦C has been registered since 1900

(Ghebreyesus and Espinosa, 2001) and projections in total annual

rainfall by 2100 relative to 1961–1990 range from −50 to +30%

(Marrero and Mattei, 2007). This situation is conducive of a major

shift in frequency and intensity of extreme weather events such as

droughts and heat waves which, combined with sea-level rise, will

also cause higher incidences of flooding in coastal zones of SIDS,

with increased saltwater intrusion into surface and groundwater

aquifers (Lincoln, 2017). Being in a situation of water scarcity

could then exacerbate inequalities within countries, especially

for the poorest populations (e.g., Dominican Republic, Haiti, St.

Lucia) (WHO and UNICEF, 2021). Insufficient access to clean

water resources increases people’s vulnerabilities, which in turn

contributes to health problems and lower employment rates, as

well as social unrest, and increased household and government

expenditures, among others (UN, 2021; ECLAC, 2022).

Droughts caused by declines in precipitation during the wet

season are likely to increase in frequency and severity by the
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TABLE 4 Overview of some associated WEF socio-metabolic risks with respect to the dimensions of availability, access, consumption, and

self-su�ciency in Caribbean SIDS.

Associated SMRs

Dimension Availability Access Consumption Self-su�ciency

Water Declining levels of

water availability:

• water shortages

• lower recharge capacity

through changes in hydrology

• water stocks contamination

through saline water intrusion

and other pollutants

Unequal access between social

groups:

• water insecurity

• social unrest

• decline in local food production

• increased household and

government expenditures

Quantity and quality of the

resource is compromised:

• exhaustion of water stocks

• political and socio-economic

instability

• ecosystems damage

• impacts on human health

Demand larger than supply:

• water scarcity and water crisis

• impacts on local economy

• decline in local food production

Energy Damages during transport and

extreme weather events:

• oil spills and runoffs

• shortages due to disruption on

supply

• degradation of marine and

coastal ecosystems

• impact on local development

and economy

Frequent energy provisioning

disruptions:

• quality and stability of the

supply (blackouts)

• impacts on health, agriculture,

drinking water, sanitation, and

food

• increased energy consumption

Deficiencies of affordable and

clean energy supply:

• increased consumption

• transmission and distribution

losses

• elevated energy tariffs

• pressure on grid and risk of

destabilizing it

• impacts on health and national

energy security

Fossil-fuel dependent economies:

• imports dependency is

perpetuated

• increased exposure to external

shocks

• delays in recovery responses in

case of disasters

Food Low resource productivity and

competing land uses:

• decline in arable land (<0.06

ha/cap)

• decline in locally sourced food

(<20%)

• increased import dependency

and food bills

Deficiencies in food security:

• prevalence of

undernourishment

• impairing of human

development

• intergenerational cycle of

malnutrition and poverty

Shift from healthier diets to

nutritionally inferior diets:

• higher levels of

non-communicable diseases

such as stunting, wasting or

anemia

• low work productivity

• poor school performance

• loss of healthy life

Deficiencies in the agri-food

supply chain:

• decline in domestic foodstuff

production

• higher food losses

• increased food insecurity

• increased foodborne hazards

and diseases outbreaks

The terms scarcity, shortage and stress are commonly used interchangeably. Scarcity refers to an imbalance of supply and demand under prevailing institutional arrangements and/or prices.

Similarly shortage is used to describe a state where levels for supply do not meet the minimum levels necessary for basic needs. Stresswould be the symptomatic consequence of scarcity (Kummu

et al., 2016).

end of the 21st century (IPCC, 2015). The harsh 2009–2010 and

2014–2016 Caribbean-wide drought events resulted in significant

impacts across multiple sectors, including decline of hydropower

generation, reduction of crop yields, increases in food prices,

riots, increase in diseases proliferation, livestock losses and human

fatalities (Cashman, 2014; Trotman et al., 2021; EM-DAT and

CRED, 2022). Derived from this, progress has been made among

Caribbean SIDS to adapt desalination technologies as a source of

supply in preparation for future water scarcity. Aruba is almost

100% reliant on this technology to satisfy the water demand, while

the installed capacity for Antigua & Barbuda reaches almost 60%

of its total demand. Nonetheless, desalination is characterized as

having high operation and maintenance costs which oftentimes is

affected by disruptions in the supply chain as these depend from

a great deal of (usually imported) energy for its operation (UN,

2018b). Resource allocation to ensure sufficient levels of clean water

and sanitation among the population should be prioritized, thus

care should be taken as plans have to accommodate for the current

and future resource-bases of the territory (UNWTO, 2014).

Overall, there are some SMRs that were identified during this

analysis: vulnerability to water shortages and extreme weather

events, ecosystem degradation, threats to local food production and

access inequality, among others. Solutions to mitigate these will

require actions aligned to SDG 6 and that encompasses strategies

that strengthen the reliability and availability of water supplies

needed to meet economic, environmental, and social development

(e.g., waste management practices to ensure the protection of water

quality, wastewater reuse and recycling, or incentives for eco-

friendly practices). This in turn will also aid in human health and

wellness, food production, energy generation, manufacturing of

goods, as well as sustained biodiversity (Nagabhatla et al., 2019;

IWRA, 2023).

5.2. Energy and socio-metabolic risks

With a very limited renewable energy generation capacity, the

energy resource-base of Caribbean SIDS is largely dependent on

fossil fuels for over 80% of their primary energy supply (ECLAC,

2016; UNESCO, 2017). Available fossil fuel reserves for Trinidad

& Tobago, Barbados, and Cuba are declining due to accelerated

exploitation, especially for Barbados (EIA, 2022d). Investments

in new oil exploration zones (e.g., on and offshore the coasts of

The Bahamas, Jamaica, and Dominican Republic) have not yielded

positive results as fossil fuel sources were not quantifiable or easily

accessible (Geo ExPro, 2019; Vyawahare, 2021). The distribution

of these fossil fuels within the region is managed through large

vessels passing between the islands, oftentimes resulting in high

risks for spills that threaten the entire Caribbean ecosystem, in

addition to the threat of a decrease in tourism due to closure of

recreational areas. Major oil spills and beach pollution have already

been reported in major tourist destinations such as Trinidad &

Tobago, The Bahamas, Barbados, Grenada, Dominica, and St.
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Lucia, among others (Save the Bays and Waterkeeper Alliance,

2019; UNEP, 2022). The negative effects of these harmful chemicals

are diverse, however one of the most concerning ones is the

impact on marine and coastal ecosystems, potentially causing

genetic mutations that could endanger species reproduction and

the ability to maintain healthy ecosystems, thus leading to long-

term ecosystem collapse (Degnarain, 2020). Moreover, while access

to clean fuels and technologies for cooking and heating has shown

improvement over the past years, there are still deficiencies. As of

2017, nearly 20% of the population in Caribbean SIDS still utilize

traditionally low-efficient technologies and lower quality fuels like

biomass from agricultural products, charcoal, dung, and fuelwood.

Strikingly, this proportion has remained persistently high at over

90% for Haiti since the year 2000 (The World Bank, 2022a; WHO,

2022b). This situation leads to high levels of household and ambient

air pollution, with mortality rates per 100,000 inhabitants of 180 in

Haiti compared to 20 in The Bahamas, and 39 in LAC (The World

Bank, 2022h).

Overall, the energy sector plays a critical role in the

provisioning of essential services as these require energy for

everyday activities, including recovery in case of disasters. Energy

provisioning systems, including those of buildings, infrastructures,

and machinery, are key to transform flows of energy and materials

into useful services. Among Caribbean SIDS, these systems vary

between countries and are oftentimes subject to the negative

impacts of climate change. Coupled with their socioeconomic and

physical exposure to disasters, future affectations on infrastructure,

disruptions in supply and changes in consumption present an

existential threat that may lead to dangerous and unpredictable

SMRs and potentially to system collapse (UNISDR, 2015; Singh

et al., 2022). When disasters strike, the quality and stability of

the electrical supply is also affected, impacting households and

industries in general (e.g., electrical outages), thus, shocking most

socioeconomic sectors and delaying recovery responses (Flores and

Peralta, 2019; Erlick, 2021). The passage of Hurricane Matthew in

2016, and Irma and Maria in 2017 caused extensive damages to

critical infrastructure, including the electrical power sector. The

interruption of the electricity supply heavily impacted on water

and food security, as well as on other essential sectors across the

Caribbean SIDS (ACTED, 2016; OCHA and UNCT-Cuba, 2016;

BBC News, 2017; UNDP, 2017; UN, 2018a). In The Bahamas,

Matthew damaged close to 50% of the electrical power sector,

causing electrical outages that lasted for more than 1 week, and

that affected more than 100,000 consumers and impacting over

the provisioning of drinking water, sanitation, food, and health

(ECLAC, 2020).

On average, the Caribbean SIDS analyzed are above the

minimum energy consumption threshold of 1,000 kWh/cap/yr, or

3.6 GJ/cap/yr (Moss et al., 2020), which includes both household

and non-household electricity consumption. This can be an enabler

of development aspirations for employment, higher incomes,

prosperity, and economic transformation. However, it is important

to consider the context in which the energy sector and society

function. Evidence suggests that Caribbean SIDS continue to rely

heavily on fossil fuels, indicating a potentially risky energy strategy.

There is a concern that this reliance on non-renewable energy

sources could lead to severe metabolic risks and cascading effects,

ultimately resulting in a metabolic trap. Energy consumption in

Caribbean SIDS has been on the rise since the early 1980’s, and

currently, it surpasses the global average of 80 GJ/cap/yr (EIA,

2022d). This can be partially attributable to changes in living

standards and significant energy system losses. Estimated average

electricity transmission and distribution losses for our selected

Caribbean SIDS case studies are at around 30% (IDB, 2013; NREL,

2015a,c,d,e,f,g,h, 2020), with countries such as Haiti, St. Kitts and

Nevis, and St. Vincent and the Grenadines reaching more than

60% in losses (IDB, 2013; NREL, 2015e). By comparison, the

Energy Information Administration reports average transmission

and distribution losses of 5% for the United States (EIA, 2022c).

Moreover, Caribbean SIDS have electricity tariffs higher than the

global average of US$0.14/kWh (Smith, 2020). Prices range from

US$0.44/kWh for Grenada (NREL, 2015d) and US$0.39/kWh for

Antigua & Barbuda and Haiti (NREL, 2015a,e), to US$0.26/kWh

for Dominican Republic (Escalante, 2019) and US$0.04/kWh for

Trinidad & Tobago (NREL, 2015i). As electricity tariffs rates

increase, so are the access inequalities among the population.

Energy theft through illegal connections to the grid could then

ensue, which are currently one of the main causes of non-technical

electricity system losses in Caribbean SIDS (Ochs et al., 2015;

ECLAC, 2016). A feedback-loop could be created as energy theft

imposes elevated costs to ratepayers and in turn increases electricity

tariffs. The high fossil fuels dependency, large energy losses

due to theft, increasing consumption patterns, threats to supply

disruptions and fossil fuel price volatility put at risk the national

energy security and other critical sectors in many Caribbean SIDS.

Coupled with a limited domestic energy generation capacity,

elevated and growing rates of energy consumption, and high

electricity tariffs, several Caribbean SIDS also experience an

unstable supply of energy with recurrent power outages, further

threatening energy security. According to the System Average

Interruption Duration Index (SAIDI), power outages in Caribbean

SIDS reach above 7 h/year, which place them at levels above the

global average of 3 h/year (The World Bank, 2022e; WEB Aruba,

2022). The interruption of the energy supply can negatively impact

telecommunications, water supply and sanitation, food security,

health, and household expenditures, among others (Jimenez

et al., 2016; Hull-Jackson and Adesiyun, 2019; Mcintosh, 2020;

Weiss et al., 2021). As future power outages are certain to

recur, fuel supply disruptions are also a permanent feature, and

the adverse effects of climate change will likely amplify pre-

existing vulnerability levels in the region. Strengthening structural,

financial, and social resilience is key to reducing risks and

vulnerabilities in the system and to hasten recovery responses in

case of disasters.

There are plentiful renewable resources that Caribbean

SIDS could exploit (IRENA, 2012; Herbert, 2013; NREL,

2015b,c,d,e,f,g,h, 2020; Ochs et al., 2015; CARICOM, 2018a). In

Antigua & Barbuda for example, estimations from the National

Renewable Energy Laboratory set the potentials of renewable

energy generation at more than 400 MW (NREL, 2015a). Given

the (fossil fuel-based) installed capacity (in 2015) of around 120

MW (ibid), renewable energy could surpass that capacity by more

than 100%, thus reducing the dependency on imported energy

carriers while minimizing the associated SMRs and providing
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direct economic advantages. Similar contexts can be observed in

Dominica, Grenada, and Saint Kitts & Nevis (NREL, 2015c,d,h).

The diversification of the energy mix offers an opportunity to

mitigate SMRs by reducing price volatility and the potential for

supply disruptions, resulting in more energy self-sufficiency and in

a resilient and stable energy supply in the long run. In addition, if

Caribbean SIDS become energy self-sufficient, then surplus clean

energy could also assist nearby island nations in meeting their

renewable energy targets. Nonetheless, financial, infrastructural

and organizational challenges hinder progress to achieve such

transition (ECLAC, 2015; Harrison and Popke, 2018).

The deployment of affordable and clean energy (aligned to

SDG 7) is considered an effective tool to raise productivity

and competitiveness, energy security, energy access, and self-

sufficiency, and to address the negative SMRs of the high-

dependence of fossil fuels (e.g., impacts on local health, emissions,

degradation of ecosystems) in an integrated way. Benefits are also

achieved through increased diversification of the power supply

(e.g., ocean-based energy generation) and improved energy access,

which lowers the risk of a single resource having an adverse

impact on the national energy security (OHRLLS, 2019). Moreover,

synergistic effects can be achieved through the utilization of clean

energy for water desalination technologies, thus, reducing the

associated costs of operation and maintenance while at the same

time increasing water supply and food productivity.

5.3. Food and socio-metabolic risks

In Caribbean SIDS, the tourism sector is a major driver for

resources use as they represent the most tourism-dependent region

globally (Ford and Dorodnykh, 2016; WTTC, 2022). During 2019,

the values of travel & tourism contribution to GDP were above

80% for Antigua & Barbuda, and 60% for Aruba and St. Lucia

(WTTC, 2022). In the region, tourist arrivals have increased close

to 15% between 2010 and 2014 with numbers close to 80% for

Haiti, 30% for Aruba, and 25% for Dominican Republic (UNWTO,

2015). However, accounting for the rapid globalization of traded

goods, changes in consumer habits, climate change and the growth

of the tourism industry, the transmission of foodborne hazards and

diseases within and between Caribbean SIDS and abroad could also

increase (Guerra et al., 2016; Clarke and Roopnarine, 2022). A large

majority of Caribbean SIDS have adopted international standards

on quality control for laboratory testing and calibration, but only

few have been actually accredited by an official body (Guevara et al.,

2014). With limited resources available, the regional monitoring

systems of the agrifood chains are likely to be deficient. Studies

indicate outbreaks and infections from foodborne pathogens in

island populations as well as in tourists visiting islands such as

Antigua & Barbuda, Barbados, Cuba, the Dominican Republic,

Jamaica, and Haiti (Kendall et al., 2012; Tighe et al., 2012; Mughini-

Gras et al., 2014; Gray et al., 2015). Island governments thus

need to prioritize food safety systems in all stages of production,

processing, storage, distribution and trade that assess the incidence

and prevalence of pathogens linked to foodstuffs (FAO and WHO,

2005; FAO et al., 2021). By doing so, the incidences of cases could

be minimized, saving lives and avoiding the economic burden

from costly medical bills (Scharff, 2012; Guerra et al., 2016; Lee,

2017).

Food security is heavily dependent on sustainable, resilient,

inclusive, and efficient systems of production and consumption

(FAO, 2017). Nonetheless, in Caribbean SIDS, the access to

affordable foods that support healthy dietary patterns not only at

a single point in time but also across the lifespan and possibly

for future generations remains a pressing issue. Healthy diets are

driven by preferences, but also by prices as these foodstuff are

mostly imported (Massa, 2021). Between 2000 and 2017, food

inflation has shown a steady increase in Caribbean SIDS, with an

average increase of almost 6%. Notably, Dominica, the Dominican

Republic, Haiti, Jamaica, and Trinidad & Tobago have experienced

inflation rates of more than 10% (FAO, 2022a). Today, close to 50%

of the population in Caribbean SIDS are unable to afford a healthy

diet due to elevated costs or unavailability (FAO et al., 2021). This

situation is strongly linked to the prevalence of severe levels of food

insecurity as these have been climbing slowly, now affecting 37.6%

of the Caribbean SIDS population compared to the LAC averages

of 11.3% and global averages of 10.5%. Moreover, although some

progress has been made, the prevalence of undernourishment in

the Caribbean region is currently almost double the global average

of 9% (FAO et al., 2021).

Deficiencies in food security and nutrition are an outcome

of several complex internal and external factors (e.g., island

geography, governance deficiencies, institutional constraints,

environmental and economic vulnerabilities) which can result in

severe consequences on the overall wellbeing of the population

(Massa, 2021; Mohammadi et al., 2022). Food insecurity

and malnutrition impact social and economic progress and

materializes among the population as physical growth and mental

development deficits, morbidity, increased risk of death, poor

school performance, and low work productivity among others,

which in the long run could impair human development and even

trap the population in an intergenerational cycle of malnutrition,

poverty and health issues (Ruel, 2013; ECLAC, 2017). According

to FAO’s estimates (FAO, 2022b), the Minimum Dietary Energy

Requirements for the analyzed case studies ranged from 1,700 to

1,900 kcal/cap/day between 2000 and 2017. Despite all countries

exceeding these minimum thresholds, it’s important to note that

meeting minimum energy requirements does not necessarily

indicate a healthy or nutritionally adequate diet. For Caribbean

SIDS, we can observe a shift toward an increased dependency on

food imports of non-traditional, lower quality diets, with lower

intake of vegetables and fruits, an increased intake of food from

meat and especially of nutritionally inferior processed foods with

high caloric content (FAO, 2021a, 2022b). This shift away from

local, often healthier foods has led to the loss of a healthier and

productive life (UN, 2010; FAO, 2017). The human potential that

is lost due to poor health and the burden of disease is measured

through the Disability-Adjusted Life Years (DALY) indicator,

which equals to one lost year of healthy life because of either

premature death or disease or disability (Roser et al., 2021; WHO,

2022a). In the Caribbean SIDS, the percentage of total DALYs

resulting from non-communicable diseases (NCDs) increased from

67 to 74% between 2000 and 2017, compared to a global average
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of 60% in 2017 (IHME, 2022). We also observe a rising trend

in total DALYs attributed to NCDs, with Haiti and Dominican

Republic showing values over 40% higher in 2017 compared to

2000. Furthermore, more than 40% of these DALYs fall into only 3

categories: cancers, diabetes & kidney diseases, and cardiovascular

diseases (ibid), which are the leading cause of death and disability

among Caribbean SIDS (CARICOM, 2016; CARPHA, 2021).

Food self-sufficiency in Caribbean SIDS is declining, as

domestic food production is insufficient to meet the demand. With

a narrow agricultural resource-base, the per capita arable land in

Caribbean SIDS is around 0.06 ha/cap, three times less than that

of the least developed countries (LDCs) and developing countries

(The World Bank, 2022c). This can be partially explained by the

absence of an adequate accessible volume of water for irrigation

and changes in land-use in favor of urbanization. Moreover,

the combined effects of structural policy adjustments, climate

variability and extremes like storms, droughts, excessive rains, and

loss of top soil due to flash floods are also a significant factor in

food production decline, which can cascade into negative effects

on food prices, value chains, water supplies and livelihoods, and

overall food security (FAO et al., 2018, 2021; FAO, 2020a; Rahman

et al., 2022; Singh et al., 2022). In monetary terms, Caribbean

SIDS import more than 80% of their domestic food supply needs

(Dorodnykh, 2017), while deficiencies in the agri-food supply chain

have contributed to food losses of more than 50% of supply (Kaza

et al., 2018). Considering their heavy food imports dependency

and elevated food losses, these countries are also exposed to high

foodstuff bills that in the long run will further put at risk their

resource-security levels (WFP, 2022). Moreover, disruptions in the

global supply chain (e.g., due to the war in Ukraine at the beginning

of 2022) and price volatility have sharply affected commodity prices

in the Caribbean, especially for foodstuffs (Ewing-Chow, 2019; The

World Bank, 2022k). A shift toward food self-sufficiency in small

islands as a food security and resilience strategy would then require

an approach that is intersectional, flexible, adaptive and that is

supported by an effective regulatory and institutional framework

that allow for context-specific implementations (Dorodnykh, 2017;

Mohammadi et al., 2022; Rahman et al., 2022).

To address the identified SMRs of obesity and related diseases

while at the same time achieving SDG 2 of food security

and nutrition will require coordinating efforts from different

stakeholders at both the local, and international level. Benefits

are achieved through promoting inclusive policies as well as

social protection programmes for the most vulnerable groups, and

that support locally manufactured foods (e.g., by improving the

local food supply chain and reducing overall prices) in favor of

traditional healthier foods. Nature-positive production and supply

models (e.g., system-based conservation agriculture, river basin

management, bio-inputs, integrated soil fertility management, soil

and water conservation and nutrient recycling) are also important

to improve market conditions and to increase food security

while at the same time increase resource-security (e.g., through

prevention of soil degradation, water and energy consumption,

etc.), which can also have important benefits in terms of both

food productivity and sustainability (Hodson et al., 2021; Massa,

2021).

6. Conclusions

This research offers a first attempt at operationalizing the

concept of SMRs. By means of characterizing the shifting baseline

of 14 Caribbean SIDS with respect to water, energy, and food,

and the dimensions of resource availability, access, consumption,

and self-sufficiency, we have identified potential SMRs in need

of addressing. Our study expands knowledge on socio-metabolic

research and the WEF-nexus at country-and regional level for

Caribbean SIDS, and provides baseline data for policy and other

stakeholders to better understand critical resource dynamics. In

addition, our study offers a general overview of the potentials that

our methodology may offer in identifying SMRs.

Our study demonstrates an urgent need for an integrated

approach to manage critical resources like water, energy and food

in resource-stressed contexts like Caribbean SIDS. Maximizing

resource-security, minimizing trade-offs, and improving the

linkages between critical resources may offer synergistic solutions

that can be leveraged to mitigate inherent risks. Understanding

the overall dynamics of critical resources to identify, manage and

mitigate SMRs is crucial for SIDS. By doing so, we could design a

strategy to build resilience, adapt to, anticipate, resist, and recover

from climate change impacts and shocks, and to avoid cascading

dysfunction of environmental, economic, and social systems.

Meanwhile, as Caribbean SIDS share common technical,

institutional and regulatory barriers and vulnerabilities, they also

vary greatly in terms of their resource-bases, population, economic

development, infrastructure, health, and more. Regional average

figures tend to mask these variations across individual countries,

as such, we also need to consider trends and context when it

comes to country-level planning. Along with regional cooperation,

interventions must consider the wide range of realities within the

region to properly identify potential barriers and openings for

positive transformative change.

Notably, by analyzing SMRs within the overall resource

dynamics could be key to achieve the global UN Sustainable

Development Goals 2, 6, and 7 with greater confidence and

certainty. One must recognize the existing and potential impacts

of SMRs arising from alterations to human and natural systems

in SIDS, including increases in droughts, floods, and some

other types of extreme weather; sea level rise; and biodiversity

loss; and also the trends of resource-use, including low food

production and high processed foods imports and consumption,

water quantity and quality challenges, and high dependence of

fossil fuels, etc. Making stakeholders aware of these risks is key

to inform and enable them to employ and implement sustainable

and efficient solutions and practices that could aid in minimizing

SMRs and that generate synergistic effects in the long run (FAO,

2018).

Our methodology can be replicated and transferred to other

regions that share similar resource-use challenges. Through

appropriate calibration, our approach can be customized to

fit different contexts. By standardizing our approach, we aim

to promote the development of a consistent and comparable

knowledge base, which can benefit decision-makers, researchers,

and practitioners working toward sustainable management
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practices in various regions. The potential transferability of our

approach adds value as it can provide useful insights and solutions

to resource management challenges beyond the Caribbean SIDS.

While acknowledging the limitations of the methodology and

datasets used, our analysis still provides valuable insights on

the state of the systems under study (locally and regionally),

especially in identifying emerging risks and trends, as well

as potential solutions to mitigate them. To address these

limitations, future analysis can benefit from the inclusion

of additional data points to enable a time-series assessment.

This would generate more granular results in the analysis by

further capturing the complexity and nuances of changes over

time, thus providing more accurate representations for each

country’s profiles.

Regarding our methodology, we employ a combined

quantitative and qualitative approach that assesses the

directionality of SMRs in the availability, access, consumption and

self-sufficiency dimensions, rather than focusing on thresholds.

The understanding of metrics related to resource-use dynamics

is constantly evolving due to the complexity of these and

the degree of uncertainty involved. Although establishing

boundaries can be useful in certain cases, it is unclear if they

apply to SMRs as these may not be subject to “hard” thresholds.

In such complex dynamic systems, these thresholds could

be scientifically questionable and politically used to delay

early action, potentially pushing the system to its limits. Yet,

we recognize that an enhanced quantitative analysis would

improve the study’s reliability and comparability that can also

be aligned with established global risk reports. Thus, future

work should explore the potentials of developing a coherent

measurement framework specifically for evaluating SMRs that

enables stakeholders to understand the relationships between the

metrics and the metrics themselves. This framework could also aid

in understanding, communicating and promptly implementing the

most effective ways to achieve SMRs minimization strategies’ goals

and objectives.

Future research should also look beyond our proposed

dimensions of availability, access, consumption, and self-

sufficiency, and include others like the social and political

(un)acceptability of SMRs and mitigation strategies. For SMRs

mitigation strategies to be better evaluated, these need to

analyze the costs and benefits, while considering the socio-

economic context in which these will be applied, together

with the needs, issues, and concerns of the stakeholders

involved. As few studies attempt to understand and/or

incorporate the perceptions and preferences by small island

communities and peoples in terms of acceptability of risks

and mitigation strategies, the inclusion of this dimension

would be valuable to consider. Moreover, by aligning these

solutions with the values, needs, preferences and expectations

of the society and searching for socially acceptable and

desirable futures can help bridge the gap between research

and implementation of strategies to minimize risks (Stephanides

et al., 2019).

Data availability statement

Publicly available datasets were analyzed in this study. This

data can be found here: FAO AQUASTAT database at https://

www.fao.org/aquastat/en/, the FAOSTAT database at https://www.

fao.org/faostat/en/#data/, and in the U.S. Energy Information

Administration database at https://www.eia.gov/international/

data/world. All other data supporting the findings of this study are

available within the article and its Supplementary material or are

available from the corresponding author upon request.

Author contributions

FM contributed to the conceptualization, methodology,

visualization, formal analysis, review, and editing of this study.

SS contributed to the conceptualization, methodology, review, and

editing of this study. EM contributed to the review and editing of

this study. All authors contributed to the article and approved the

submitted version.

Funding

This project was funded by the Mexican National Council for

Science and Technology (CONACyT), the Energy Council

of Canada (ECC), the Waterloo Institute for Sustainable

Energy (WISE), and the School of Environment, Enterprise

and Development (SEED) from the University of Waterloo.

Conflict of interest

The authors declare that the research was conducted in the

absence of any commercial or financial relationships that could be

construed as a potential conflict of interest.

The handling editor P-JS declared a past co-authorship with the

author SS.

Publisher’s note

All claims expressed in this article are solely those of the

authors and do not necessarily represent those of their affiliated

organizations, or those of the publisher, the editors and the

reviewers. Any product that may be evaluated in this article, or

claim that may be made by its manufacturer, is not guaranteed or

endorsed by the publisher.

Supplementary material

The Supplementary Material for this article can be found

online at: https://www.frontiersin.org/articles/10.3389/fclim.2023.

1085740/full#supplementary-material

Frontiers inClimate 17 frontiersin.org

https://doi.org/10.3389/fclim.2023.1085740
https://www.fao.org/aquastat/en/
https://www.fao.org/aquastat/en/
https://www.fao.org/faostat/en/#data/
https://www.fao.org/faostat/en/#data/
https://www.eia.gov/international/data/world
https://www.eia.gov/international/data/world
https://www.frontiersin.org/articles/10.3389/fclim.2023.1085740/full#supplementary-material
https://www.frontiersin.org/journals/climate
https://www.frontiersin.org


Martin del Campo et al. 10.3389/fclim.2023.1085740

References

ACTED (2016). Hurricane Matthew hits Haiti. ACTED. Available online at: https://
www.acted.org/en/hurricane-matthew-hits-haiti/ (accessed April 19, 2021).

Adamovic, M., Bisselink, B., De Felice, M., De Roo, A., Dorati, C., Ganora, D.,
et al. (2019).Water – Energy Nexus in Europe. EUR 29743 EN. Luxembourg: European
Commission Joint Research Center. Available online at: https://ec.europa.eu/jrc/
en/publication/eur-scientific-and-technical-research-reports/water-energy-nexus-
europe (accessed October 11, 2020).

Albrecht, T. R., Crootof, A., and Scott, C. A. (2018). TheWater-Energy-FoodNexus:
A systematic review of methods for nexus assessment. Environ. Res. Lett. 13, 043002.
doi: 10.1088/1748-9326/aaa9c6

Asian Development Bank (2013). Thinking about water differently: managing
the water-food-energy Nexus. Available online at: http://site.ebrary.com/id/10900910
(accessed October 10, 2020).

Bazilian, M., Rogner, H., Howells, M., Hermann, S., Arent, D., Gielen, D.,
et al. (2011). Considering the energy, water and food nexus: Towards an integrated
modelling approach. Energy Policy 39, 7896–7906. doi: 10.1016/j.enpol.2011.09.039

BBC News (2017). Hurricane Irma causes devastation in the Caribbean. BBC
News. Available online at: https://www.bbc.com/news/world-latin-america-41182991
(accessed July 5, 2020).

Beatty, R. J. (2015). Renewable energy in the food, energy, water Nexus of the
Bahamas’. Available online at: https://www.islandscholar.ca/islandora/object/ir:11816
(accessed November 22, 2020).

Bellfield, H. (2015). The Water-Energy-Food-Nexus in Latin America and the
Caribbean. Global Canopy Programme. Available online at: https://iwa-network.org/
wp-content/uploads/2017/03/The-Water-Energy-Food-Nexus-in-LAC-April-2015-
lower-res.pdf (accessed November 22, 2020).

Biggs, E. M., Bruce, E., Boruff, B., Duncan, J. M., Horsley, J., Pauli, N., et al.
(2015). Sustainable development and the water–energy–food nexus: A perspective on
livelihoods. Environ. Sci. Policy 54, 389–397. doi: 10.1016/j.envsci.2015.08.002

Boyer, M., Horton, J., Millán, M., Grosjean, C., Arias, R., Lopez, E., et al.
(2020). Building Resilience in Aruba’s Food Security During the Pandemic and
Beyond. The World Bank. Washington DC: The World Bank. Available online
at: https://issuu.com/gabinetewevercroesaruba/docs/building_resilience_in_aruba_s_
food_security_durin/1 (accessed May 5, 2021).

Brundtland, G. H. (1987). Report of the World Commission on Environment and
Development: Our Common Future. Oslo: Oxford University Press. 300.

Caribbean Public Health Agency. (2017). State of Public Health in the Caribbean
Region 2014 - 2016. Building Resilience to Immediate and Increasing Threats: Vector-
Borne Diseases and ChildhoodObesity. Port of Spain, Trinidad and Tobago: CARPHA.
Available online at: https://carpha.org/Portals/0/Documents/State-of-Public-Health-
in-the-Caribbean-2014-2016.pdf (accessed October 28, 2022).

CARICOM (2016). Reducing non-communicable disease in SIDS through climate
preservation. CARICOM. Available online at: https://caricom.org/reducing-non-
communicable-disease-in-sids-through-climate-preservation/ (accessed August 12,
2022).

CARICOM (2018a). 2017 Energy Report Card - CARICOM. Caribbean Community
(CARICOM). Available online at: https://energy.caricom.org/reports-2/ (accessed 30
August 2021).

CARICOM (2018b). Energy Report Card 2017: CARICOM. CARICOM. 11.

CARPHA (2021). Non-communicable diseases prevention and control. Caribbean
Public Health Agency (CARPHA)’. Available online at: https://carpha.org/What-We-
Do/NCD/Overview (accessed September 12, 2022).

Cashman, A. (2014). Water security and services in the Caribbean. Water 6,
1187–1203. doi: 10.3390/w6051187

Chapman, K. (2009). Rapid appraisal of bio-energy-food security nexus in Pacific
Island Countries. Food andAgriculture Organization of the UnitedNations (FAO). 122.
Available online at: https://prdrse4all.spc.int/system/files/report_for_sap_on_rapid_
appraisal_of_bioenergy-food_securityd2_.pdf

Chertow, M., Fugate, E., and Ashton, W. (2013). “The Intimacy of Human-Nature
Interactions on Islands,” in Long Term Socio-Ecological Research: Studies in Society-
Nature Interactions Across Spatial and Temporal Scales, eds. S.J. Singh H., Haberl,
M., Chertow, M., Mirtl, and M. Schmid (Dordrecht: Springer Netherlands) 315–337.
doi: 10.1007/978-94-007-1177-8_14

Clarke, R., and Roopnarine, R. (2022). Food Safety and Climate Change in
Caribbean SIDS’. Available online at: https://www.standardsfacility.org/sites/default/
files/Session3b.pdf

Daw, J. A., and Stout, S. R. (2019). Building Island Resilience through the Energy,
Water, Food Nexus. NREL/TP-7A40-74747. National Renewable Energy Lab. (NREL),
Golden, CO: United States. doi: 10.2172/1569216

De Amorim, W. S., Valduga, I. B., Ribeiro, J. M. P., Williamson, V. G., Krauser, G.
E., Magtoto, M. K., et al. (2018). The nexus between water, energy, and food in the

context of the global risks: An analysis of the interactions between food, water, and
energy security. Environ. Impact Assess. Rev. 72, 1–11. doi: 10.1016/j.eiar.2018.05.002

De Laurentiis, V., Hunt, D., and Rogers, C. (2016). Overcoming Food Security
Challenges within an Energy/Water/Food Nexus (EWFN) Approach. Sustainability 8,
95. doi: 10.3390/su8010095

Degnarain, N. (2020). Caribbean Threatened By 1.3 Million Barrels Of Oil
From Sinking Oil Tanker, Forbes. Available online at: https://www.forbes.com/sites/
nishandegnarain/2020/10/21/caribbean-threatened-by-13-million-barrels-of-oil-
from-sinking-oil-tanker/ (accessed September 19, 2022).

Deschenes, P., and Chertow, M. (2004). An island approach to
industrial ecology: Towards sustainability in the island context. J.
Environ. Plann. Manage. 47, 201–217. doi: 10.1080/0964056042000
209102

Dorodnykh, E. (2017). Economic and Social Impacts of Food Self-Reliance in
the Caribbean. 1st ed.Cham: Springer International Publishing: Imprint: Palgrave
Macmillan. doi: 10.1007/978-3-319-50188-8

Drakes, C., Cashman, A., Kemp-Benedict, E., and Laing, T. (2020). Global
to small island; a cross-scale foresight scenario exercise. Foresight 22, 579–598.
doi: 10.1108/FS-02-2020-0012

Dubrie, A., Crichlow, M., Cadogon, E., Miranda, P., Moultrie, S., Parsram, K., et al.
(2022). Synthesis of policy interventions responding to integrated water resources
management challenges in the Caribbean SIDS. Studies and Perspectives. Available
online at: https://repositorio.cepal.org/bitstream/handle/11362/47739/S2101015_en.
pdf?sequence=1andisAllowed=y (accessed August 24, 2022).

ECLAC (2015). Water Resource Management: Climate Change and sustainable
Development in the Caribbean. FOCUS - Magazine of the Caribbean Development and
Cooperation Committee (CDCC).

ECLAC (2016). Sustainable Energy for All in the Caribbean. Available online
at: https://repositorio.cepal.org/bitstream/handle/11362/41179/FOCUSIssue2Apr-
Jun2016.pdf?sequence=1andisAllowed=y (accessed November 23, 2020).

ECLAC (2017). Malnutrition among children in Latin America and the Caribbean’.
CEPAL. Available online at: https://www.cepal.org/en/insights/malnutrition-among-
children-latin-america-and-caribbean (accessed September 21, 2022).

ECLAC (2020). Assessment of the effects and impacts of the Hurricane Matthew:
the Bahamas. Economic Commission for Latin America and the Caribbean (ECLAC).
Available online at: https://www.cepal.org/en/publications/45966-assessment-effects-
and-impacts-hurricane-matthew-bahamas (accessed June 27, 2022).

ECLAC (2022). Basic water and electricity services as key sectors for transformative
recovery in Latin America and the Caribbean’. CEPAL. Available online at: https://
www.cepal.org/en/publications/type/natural-resources-latin-america-and-caribbean/
4 (accessed September 12, 2022).

EIA (2022a). International - U.S. Energy Information Administration (EIA).
Available online at: https://www.eia.gov/international/data/world/petroleum-
and-other-liquids/annual-petroleum-and-other-liquids-production?pd=5andp=
000gfs1001vg00000000080004000001o0vg0000000000g000000000001gandu=0andf=
Aandv=mapbubbleanda=-andi=noneandvo=valueandt=Candg=noneandl=249-
g080010000g18000004040208200000000000000000002004ands=946684800000ande=
1483228800000and (accessed October 23, 2022).

EIA (2022b). U.S. Energy Information Administration (EIA) - Annual petroleum
and other liquids production. Available online at: https://tinyurl.com/cweu3ak2
(accessed August 30, 2020).

EIA (2022c). U.S. Energy Information Administration (EIA) - Frequently Asked
Questions (FAQs) - How much electricity is lost in electricity transmission and
distribution in the United States? Available online at: https://www.eia.gov/tools/faqs/
faq.php (accessed September 20, 2022).

EIA (2022d). U.S. Energy Information Administration (EIA) - Generation and
consumption of energy. Available online at: https://tinyurl.com/mtsn3zkb (accessed
August 30, 2020).

El-gafy, I. (2017). Water–food–energy nexus index: analysis of water–energy–food
nexus of crop’s production system applying the indicators approach. Appl. Water Sci.
7, 2857–2868. doi: 10.1007/s13201-017-0551-3

EM-DAT and CRED (2022). EM-DAT: the International Disaster Database.
Available online at: www.emdat.be (accessed April 20, 2022).

Endo, A., Burnett, K., Orencio, P. M., Kumazawa, T., Wada, C. A., Ishii,
A., et al. (2015). Methods of the water-energy-food nexus. Water 7, 5806–5830.
doi: 10.3390/w7105806

Endo, A., Tsurita, I., Burnett, K., and Orencio, P. M. (2017). A review of the
current state of research on the water, energy, and food nexus. J. Hydrol. 11, 20–30.
doi: 10.1016/j.ejrh.2015.11.010

Energypedia (2022). Wind Energy Country Analyses for the Caribbean. Available
online at: https://energypedia.info/wiki/Wind_Energy_Country_Analyses_for_the_
Caribbean (accessed October 23, 2021).

Frontiers inClimate 18 frontiersin.org

https://doi.org/10.3389/fclim.2023.1085740
https://www.acted.org/en/hurricane-matthew-hits-haiti/
https://www.acted.org/en/hurricane-matthew-hits-haiti/
https://ec.europa.eu/jrc/en/publication/eur-scientific-and-technical-research-reports/water-energy-nexus-europe
https://ec.europa.eu/jrc/en/publication/eur-scientific-and-technical-research-reports/water-energy-nexus-europe
https://ec.europa.eu/jrc/en/publication/eur-scientific-and-technical-research-reports/water-energy-nexus-europe
https://doi.org/10.1088/1748-9326/aaa9c6
http://site.ebrary.com/id/10900910
https://doi.org/10.1016/j.enpol.2011.09.039
https://www.bbc.com/news/world-latin-america-41182991
https://www.islandscholar.ca/islandora/object/ir:11816
https://iwa-network.org/wp-content/uploads/2017/03/The-Water-Energy-Food-Nexus-in-LAC-April-2015-lower-res.pdf
https://iwa-network.org/wp-content/uploads/2017/03/The-Water-Energy-Food-Nexus-in-LAC-April-2015-lower-res.pdf
https://iwa-network.org/wp-content/uploads/2017/03/The-Water-Energy-Food-Nexus-in-LAC-April-2015-lower-res.pdf
https://doi.org/10.1016/j.envsci.2015.08.002
https://issuu.com/gabinetewevercroesaruba/docs/building_resilience_in_aruba_s_food_security_durin/1
https://issuu.com/gabinetewevercroesaruba/docs/building_resilience_in_aruba_s_food_security_durin/1
https://carpha.org/Portals/0/Documents/State-of-Public-Health-in-the-Caribbean-2014-2016.pdf
https://carpha.org/Portals/0/Documents/State-of-Public-Health-in-the-Caribbean-2014-2016.pdf
https://caricom.org/reducing-non-communicable-disease-in-sids-through-climate-preservation/
https://caricom.org/reducing-non-communicable-disease-in-sids-through-climate-preservation/
https://energy.caricom.org/reports-2/
https://carpha.org/What-We-Do/NCD/Overview
https://carpha.org/What-We-Do/NCD/Overview
https://doi.org/10.3390/w6051187
https://prdrse4all.spc.int/system/files/report_for_sap_on_rapid_appraisal_of_bioenergy-food_securityd2_.pdf
https://prdrse4all.spc.int/system/files/report_for_sap_on_rapid_appraisal_of_bioenergy-food_securityd2_.pdf
https://doi.org/10.1007/978-94-007-1177-8_14
https://www.standardsfacility.org/sites/default/files/Session3b.pdf
https://www.standardsfacility.org/sites/default/files/Session3b.pdf
https://doi.org/10.2172/1569216
https://doi.org/10.1016/j.eiar.2018.05.002
https://doi.org/10.3390/su8010095
https://www.forbes.com/sites/nishandegnarain/2020/10/21/caribbean-threatened-by-13-million-barrels-of-oil-from-sinking-oil-tanker/
https://www.forbes.com/sites/nishandegnarain/2020/10/21/caribbean-threatened-by-13-million-barrels-of-oil-from-sinking-oil-tanker/
https://www.forbes.com/sites/nishandegnarain/2020/10/21/caribbean-threatened-by-13-million-barrels-of-oil-from-sinking-oil-tanker/
https://doi.org/10.1080/0964056042000209102
https://doi.org/10.1007/978-3-319-50188-8
https://doi.org/10.1108/FS-02-2020-0012
https://repositorio.cepal.org/bitstream/handle/11362/47739/S2101015_en.pdf?sequence=1andisAllowed=y
https://repositorio.cepal.org/bitstream/handle/11362/47739/S2101015_en.pdf?sequence=1andisAllowed=y
https://repositorio.cepal.org/bitstream/handle/11362/41179/FOCUSIssue2Apr-Jun2016.pdf?sequence=1andisAllowed=y
https://repositorio.cepal.org/bitstream/handle/11362/41179/FOCUSIssue2Apr-Jun2016.pdf?sequence=1andisAllowed=y
https://www.cepal.org/en/insights/malnutrition-among-children-latin-america-and-caribbean
https://www.cepal.org/en/insights/malnutrition-among-children-latin-america-and-caribbean
https://www.cepal.org/en/publications/45966-assessment-effects-and-impacts-hurricane-matthew-bahamas
https://www.cepal.org/en/publications/45966-assessment-effects-and-impacts-hurricane-matthew-bahamas
https://www.cepal.org/en/publications/type/natural-resources-latin-america-and-caribbean/4
https://www.cepal.org/en/publications/type/natural-resources-latin-america-and-caribbean/4
https://www.cepal.org/en/publications/type/natural-resources-latin-america-and-caribbean/4
https://www.eia.gov/international/data/world/petroleum-and-other-liquids/annual-petroleum-and-other-liquids-production?pd=5andp=000gfs1001vg00000000080004000001o0vg0000000000g000000000001gandu=0andf=Aandv=mapbubbleanda=-andi=noneandvo=valueandt=Candg=noneandl=249-g080010000g18000004040208200000000000000000002004ands=946684800000ande=1483228800000and
https://www.eia.gov/international/data/world/petroleum-and-other-liquids/annual-petroleum-and-other-liquids-production?pd=5andp=000gfs1001vg00000000080004000001o0vg0000000000g000000000001gandu=0andf=Aandv=mapbubbleanda=-andi=noneandvo=valueandt=Candg=noneandl=249-g080010000g18000004040208200000000000000000002004ands=946684800000ande=1483228800000and
https://www.eia.gov/international/data/world/petroleum-and-other-liquids/annual-petroleum-and-other-liquids-production?pd=5andp=000gfs1001vg00000000080004000001o0vg0000000000g000000000001gandu=0andf=Aandv=mapbubbleanda=-andi=noneandvo=valueandt=Candg=noneandl=249-g080010000g18000004040208200000000000000000002004ands=946684800000ande=1483228800000and
https://www.eia.gov/international/data/world/petroleum-and-other-liquids/annual-petroleum-and-other-liquids-production?pd=5andp=000gfs1001vg00000000080004000001o0vg0000000000g000000000001gandu=0andf=Aandv=mapbubbleanda=-andi=noneandvo=valueandt=Candg=noneandl=249-g080010000g18000004040208200000000000000000002004ands=946684800000ande=1483228800000and
https://www.eia.gov/international/data/world/petroleum-and-other-liquids/annual-petroleum-and-other-liquids-production?pd=5andp=000gfs1001vg00000000080004000001o0vg0000000000g000000000001gandu=0andf=Aandv=mapbubbleanda=-andi=noneandvo=valueandt=Candg=noneandl=249-g080010000g18000004040208200000000000000000002004ands=946684800000ande=1483228800000and
https://www.eia.gov/international/data/world/petroleum-and-other-liquids/annual-petroleum-and-other-liquids-production?pd=5andp=000gfs1001vg00000000080004000001o0vg0000000000g000000000001gandu=0andf=Aandv=mapbubbleanda=-andi=noneandvo=valueandt=Candg=noneandl=249-g080010000g18000004040208200000000000000000002004ands=946684800000ande=1483228800000and
https://tinyurl.com/cweu3ak2
https://www.eia.gov/tools/faqs/faq.php
https://www.eia.gov/tools/faqs/faq.php
https://tinyurl.com/mtsn3zkb
https://doi.org/10.1007/s13201-017-0551-3
http://www.emdat.be
https://doi.org/10.3390/w7105806
https://doi.org/10.1016/j.ejrh.2015.11.010
https://energypedia.info/wiki/Wind_Energy_Country_Analyses_for_the_Caribbean
https://energypedia.info/wiki/Wind_Energy_Country_Analyses_for_the_Caribbean
https://www.frontiersin.org/journals/climate
https://www.frontiersin.org


Martin del Campo et al. 10.3389/fclim.2023.1085740

Erlick, J. C. (2021). Natural disasters in Latin America and the Caribbean:
coping with calamity. New York, NY: Routledge (Latin American topics).
doi: 10.4324/9780429294068

Escalante, A. (2019). Energy Conservation in the Caribbean - A profitable industry
for regional and foreign entrepreneurs. Available online at: https://www.mset.gov.jm/
wp-content/uploads/2019/07/Energy-Conservation-in-the-Caribbean.pdf (accessed
September 5, 2022).

Ewing-Chow, D. (2019). Five Overlooked Facts About Caribbean Food Security.
Forbes. Available online at: https://www.forbes.com/sites/daphneewingchow/2019/02/
20/five-facts-about-caribbean-food-security/ (accessed September 12, 2022).

FAO (2014). The Water-Energy-Food Nexus. A new approach in support of food
security and sustainable agriculture. Food and Agriculture Organization of the United
Nations (FAO). Available online at: https://www.fao.org/3/bl496e/bl496e.pdf (accessed
August 19, 2022).

FAO (2017). Global Action Programme on Food Security and Nutrition in Small
Island Developing States - Supporting the implementation of the SAMOA pathway.
I7135EN/1/04.17. Food and Agriculture Organization of the United Nations (FAO).
Available online at: http://www.fao.org/3/a-i7297e.pdf (accessed November 22, 2020).

FAO (2018). Policy Brief #9 Water-Energy-Food Nexus for the review of SDG 7.
Food and Agriculture Organization of the United Nations (FAO). Available online
at: https://sustainabledevelopment.un.org/content/documents/17483PB_9_Draft.pdf
(accessed November 8, 2020).

FAO (2019). FAO’s work with Small Island Developing States: Transforming
food systems, sustaining small islands. CA5170EN/2/09.19. Food and Agriculture
Organization of the United Nations (FAO). Available online at: https://www.fao.org/
3/ca5170en/CA5170EN.pdf (accessed October 23, 2022).

FAO (2020a). “Climate change: Unpacking the burden on food safety,” in Food and
Agriculture Association (FAO) of the United Nations (Food safety and quality series 8).

FAO (2020b). Small Island Developing States Response to COVID-19: Highlighting
Food Security, Nutrition and Sustainable Food Systems. Rome, Italy: Food and
Agriculture Association (FAO) of the United Nations.

FAO (2021a). FAOSTAT Statistical Database. Food Balance Sheets. Available online
at: https://www.fao.org/faostat/en/#data/FBS (accessed August 20, 2021).

FAO (2021b). Improving Food Security for Vulnerable Communities in Small
Island Developing States through Improved Anticipation and Management of Climate
Risks. GCP/GLO/726/ITA. Rome, Italy: Food and Agriculture Organization of the
United Nations (FAO). Available online at: https://www.fao.org/publications/card/en/
c/CB6907EN (accessed August 18, 2022).

FAO (2022a). FAOSTAT Statistical Database. Consumer Price Indices. Available
online at: https://www.fao.org/faostat/en/#data/CP (accessed April 4, 2023).

FAO (2022b). FAOSTAT statistical Database. Suite of Food Security Indicators.
Available online at: https://www.fao.org/faostat/en/#data/FS (accessed September 6,
2022).

FAO (2022c). Food and Agriculture organization of the United
Nations - AQUASTAT. Available online at: https://tableau.apps.fao.
org/views/ReviewDashboard-v1/country_dashboard?%3Aembed=yand
%3AisGuestRedirectFromVizportal=y (accessed October 23, 2021).

FAO, IFAD, UNICEF, WFP, and WHO. (2018). The State of Food Security and
Nutrition in the World 2018. Building climate resilience for food security and nutrition.
Rome: Food and Agriculture Association (FAO) of the United Nations (The state of
food security and nutrition in the world, 2018). Available online at: https://www.fao.
org/3/I9553EN/i9553en.pdf (accessed October 23, 2022).

FAO, IFAD, UNICEF, WFP, and WHO. (2021). The State of Food Security
and Nutrition in the World 2021. Transforming food systems for food security,
improved nutrition and affordable healthy diets for all. Food and Agriculture
Association (FAO) of the United Nations; International Fund for Agricultural
Development (IFAD); United Nations International Children’s Emergency Fund
(UNICEF); World Food Programme (WFP); World Health Organization (WHO).
Rome: FAO.

FAO, IFAD, and WFP (2015). The State of Food Insecurity in the World 2015.
Meeting the 2015 international hunger targets: taking stock of uneven progress. Rome:
FAO (The state of food insecurity in the world, 2015). Available online at: https://www.
fao.org/3/i4646e/i4646e.pdf (accessed October 23, 2022).

FAO and Vrije Universiteit Amsterdam (2020). Freshwater for Food and Nutrition
Security in SIDS. Available online at: https://www.worldwaterweek.org/event/9260-
freshwater-for-food-and-nutrition-security-in-sids (accessed November 22, 2020).

FAO and WHO (2005). FAO/WHO Regional Conference on Food Safety for the
Americas and the Caribbean. Rome: Food and Agriculture Organization of the United
Nations (FAO) and the World Health Organization (WHO). Available online at:
https://www.fao.org/3/a0394e/A0394E00.htm#TOC (accessed September 21, 2022).

Ferroukhi, R., Nagpal, D., Lopez-Peña, A., Hodges, T., Mohtar, R. H., Daher, B.,
et al. (2015). Renewable Energy in the Water, Energy and Food Nexus. International
Renewable Energy Agency (IRENA). Available online at: www.irena.org/Publications

Flores, A., and Peralta, L. (2019). “The enhancement of resilience to disasters and
climate change in the Caribbean through the modernization of the energy sector,” in
ECLAC subregional headquarters for the Caribbean. Studies and Perspectives series. 79.

Ford, D., and Dorodnykh, E. (2016). “Developing Food Value Chains to meet
TourismDemand in the Caribbean: Case Studies of St. Kitts Nevis and St. Lucia,” in 31st
West Indies Agricultural Economics Conference. Saint Croix, US: Virgin Islands 243182.
Caribbean Agro-Economic Society. Available online at: https://econpapers.repec.org/
paper/agscars15/243182.htm (accessed October 25, 2022).

Franzke, C. L., Ciullo, A., Gilmore, E. A., Matias, D. M., Nagabhatla, N., Orlov, A.,
et al. (2022). Perspectives on tipping points in integrated models of the natural and
human Earth system: cascading effects and telecoupling. Environ. Res. Lett. 17, 015004.
doi: 10.1088/1748-9326/ac42fd

Future Earth (2022). Water-Energy-Food Nexus: We are the Nexus! | Future Earth’.
Available online at: https://futureearth.org/2018/07/30/water-energy-food-nexus-we-
are-the-nexus/ (accessed November 23, 2020).

Geo ExPro (2019). Promising Oil and Gas Opportunities in the Caribbean, GEO
ExPro. Available online at: http://www.geoexpro.com/articles/2019/09/promising-oil-
and-gas-opportunities-in-the-caribbean (accessed July 19, 2022).

Ghebreyesus, T. A., and Espinosa, P. (2001). “Small Island States,” in Climate change
2001: impacts, adaptation, and vulnerability, eds. J.J. McCarthy and Intergovernmental
Panel on Climate Change (Cambridge, UK; New York: Cambridge University
Press) 843–875.

Gheuens, J., Nagabhatla, N., and Perera, E. D. P. (2019). Disaster-Risk, Water
Security Challenges and Strategies in Small Island Developing States (SIDS).Water 11,
637. doi: 10.3390/w11040637

Giampietro, M., Aspinall, R. J., Bukkens, S. G., Benalcazar, J. J. C., Maurin, F. D.,
Flammini, A., et al. (2013). An innovative accounting framework for the food-energy-
water nexus: application of the MuSIASEM approach to three case studies. Rome: Food
and Agriculture Association (FAO) of the United Nations (Environment and natural
resources management paper, 56). Available online at: https://www.fao.org/3/i3468e/
i3468e.pdf (accessed June 26, 2020).

Gray, M. D., Lacher, D. W., Leonard, S. R., Abbott, J., Zhao, S., Lampel, K. A.,
et al. (2015). Prevalence of Shiga toxin-producing Shigella species isolated from French
travelers returning from the Caribbean: an emerging pathogen with international
implications. Clin. Microbiol. Infect. 21, 765.e9–765.e14. doi: 10.1016/j.cmi.2015.05.006

Guerra, M. M. M., de Almeida, A. M., and Willingham, A. L. (2016). An
overview of food safety and bacterial foodborne zoonoses in food production
animals in the Caribbean region. Trop. Animal Health Prod. 48, 1095–1108.
doi: 10.1007/s11250-016-1082-x

Guevara, G., Gordon, F., Irving, Y., Whyms, I., Parris, K., Beckles, S., et al. (2014).
The impact of SLMTA in improving laboratory quality systems in the Caribbean
Region. African J. Lab. Med. 3, 9. doi: 10.4102/ajlm.v3i2.199

Harrison, C., and Popke, J. (2018). Geographies of renewable energy transition
in the Caribbean: Reshaping the island energy metabolism. Energy Res. Soc. Sci. 36,
165–174. doi: 10.1016/j.erss.2017.11.008

Herbert, A. S. (2013). A Review of the Status of the Interconnection of Distributed
Renewables to the Grid in CARICOM Countries. Caribbean Renewable Energy
Development Programme (CREDP) and Deutsche Gesellschaft für Internationale
Zusammenarbeit GmbH (GIZ). Available online at: https://cleanenergysolutions.
org/resources/review-status-interconnection-distributed-renewables-grid-caricom-
countries (accessed August 30, 2022).

Hodson, E., Niggli, U., Kitajima, K., Lal, R., and Sadoff, C. (2021). Boost
nature-positive production. A Paper on Action Track 3’. United Nations Food
Systems Summit. Available online at: https://sc-fss2021.org/wp-content/uploads/2021/
04/Action_Track_3_paper_Boost_Nature_Positive_Production.pdf (accessed January
3, 2023).

Hoff, H. (2011). Bonn2011 Conference: The Water, Energy and food Security Nexus -
solutions for the Green Economy. Stockholm Environment Institute.

Hoff, H., Fielding, M., and Davis, M. (2013). A “nexus” approach to soil
and land management: turning vicious cycles into virtuous ones. Rural 21,
47, 10–12.

Holding, S., Allen, D. M., Foster, S., Hsieh, A., Larocque, I., Klassen, J., et al.
(2016). Groundwater vulnerability on small islands. Nat. Clim. Change 6, 1100–1103.
doi: 10.1038/nclimate3128

Howells, M., Hermann, S.,Welsch,M., Bazilian,M., Segerström, R., Alfstad, T., et al.
(2013). Integrated analysis of climate change, land-use, energy and water strategies.
Nat. Climate Change 3, 621–626. doi: 10.1038/nclimate1789

Hull-Jackson, C., and Adesiyun, A. A. (2019). Foodborne disease outbreaks
in Barbados (1998-2009): a 12-year review. J. Infect. Devel. Countr. 13, 1–10.
doi: 10.3855/jidc.10404

IDB (2013). Energy Matrix Country Briefings - Antigua and Barbuda, Bahamas,
Barbados, Dominica, Grenada, Guyana, Haiti, Jamaica, St. Kitts and Nevis, St. Lucia,
St. Vincent and the Grenadines, Suriname, and Trinidad and Tobago. Inter-American
Development Bank (IDB). Available online at: https://publications.iadb.org/en/
publication/11241/energy-matrix-country-briefings-antigua-barbuda-bahamas-
barbados-dominica-grenada (accessed June 30, 2020).

IDB (2019). The Role of Green Infrastructure in Water, Energy and Food
Security in Latin America and the Caribbean: Experiences, Opportunities and
Challenges. DB-DP-00693. Inter-American Development Bank. Available online at:
https://publications.iadb.org/publications/english/document/The_Role_of_Green_

Frontiers inClimate 19 frontiersin.org

https://doi.org/10.3389/fclim.2023.1085740
https://doi.org/10.4324/9780429294068
https://www.mset.gov.jm/wp-content/uploads/2019/07/Energy-Conservation-in-the-Caribbean.pdf
https://www.mset.gov.jm/wp-content/uploads/2019/07/Energy-Conservation-in-the-Caribbean.pdf
https://www.forbes.com/sites/daphneewingchow/2019/02/20/five-facts-about-caribbean-food-security/
https://www.forbes.com/sites/daphneewingchow/2019/02/20/five-facts-about-caribbean-food-security/
https://www.fao.org/3/bl496e/bl496e.pdf
http://www.fao.org/3/a-i7297e.pdf
https://sustainabledevelopment.un.org/content/documents/17483PB_9_Draft.pdf
https://www.fao.org/3/ca5170en/CA5170EN.pdf
https://www.fao.org/3/ca5170en/CA5170EN.pdf
https://www.fao.org/faostat/en/#data/FBS
https://www.fao.org/publications/card/en/c/CB6907EN
https://www.fao.org/publications/card/en/c/CB6907EN
https://www.fao.org/faostat/en/#data/CP
https://www.fao.org/faostat/en/#data/FS
https://tableau.apps.fao.org/views/ReviewDashboard-v1/country_dashboard?%3Aembed=yand%3AisGuestRedirectFromVizportal=y
https://tableau.apps.fao.org/views/ReviewDashboard-v1/country_dashboard?%3Aembed=yand%3AisGuestRedirectFromVizportal=y
https://tableau.apps.fao.org/views/ReviewDashboard-v1/country_dashboard?%3Aembed=yand%3AisGuestRedirectFromVizportal=y
https://www.fao.org/3/I9553EN/i9553en.pdf
https://www.fao.org/3/I9553EN/i9553en.pdf
https://www.fao.org/3/i4646e/i4646e.pdf
https://www.fao.org/3/i4646e/i4646e.pdf
https://www.worldwaterweek.org/event/9260-freshwater-for-food-and-nutrition-security-in-sids
https://www.worldwaterweek.org/event/9260-freshwater-for-food-and-nutrition-security-in-sids
https://www.fao.org/3/a0394e/A0394E00.htm#TOC
http://www.irena.org/Publications
https://econpapers.repec.org/paper/agscars15/243182.htm
https://econpapers.repec.org/paper/agscars15/243182.htm
https://doi.org/10.1088/1748-9326/ac42fd
https://futureearth.org/2018/07/30/water-energy-food-nexus-we-are-the-nexus/
https://futureearth.org/2018/07/30/water-energy-food-nexus-we-are-the-nexus/
http://www.geoexpro.com/articles/2019/09/promising-oil-and-gas-opportunities-in-the-caribbean
http://www.geoexpro.com/articles/2019/09/promising-oil-and-gas-opportunities-in-the-caribbean
https://doi.org/10.3390/w11040637
https://www.fao.org/3/i3468e/i3468e.pdf
https://www.fao.org/3/i3468e/i3468e.pdf
https://doi.org/10.1016/j.cmi.2015.05.006
https://doi.org/10.1007/s11250-016-1082-x
https://doi.org/10.4102/ajlm.v3i2.199
https://doi.org/10.1016/j.erss.2017.11.008
https://cleanenergysolutions.org/resources/review-status-interconnection-distributed-renewables-grid-caricom-countries
https://cleanenergysolutions.org/resources/review-status-interconnection-distributed-renewables-grid-caricom-countries
https://cleanenergysolutions.org/resources/review-status-interconnection-distributed-renewables-grid-caricom-countries
https://sc-fss2021.org/wp-content/uploads/2021/04/Action_Track_3_paper_Boost_Nature_Positive_Production.pdf
https://sc-fss2021.org/wp-content/uploads/2021/04/Action_Track_3_paper_Boost_Nature_Positive_Production.pdf
https://doi.org/10.1038/nclimate3128
https://doi.org/10.1038/nclimate1789
https://doi.org/10.3855/jidc.10404
https://publications.iadb.org/en/publication/11241/energy-matrix-country-briefings-antigua-barbuda-bahamas-barbados-dominica-grenada
https://publications.iadb.org/en/publication/11241/energy-matrix-country-briefings-antigua-barbuda-bahamas-barbados-dominica-grenada
https://publications.iadb.org/en/publication/11241/energy-matrix-country-briefings-antigua-barbuda-bahamas-barbados-dominica-grenada
https://www.frontiersin.org/journals/climate
https://www.frontiersin.org
https://publications.iadb.org/publications/english/document/The_Role_of_Green_Infrastructure_in_Water_Energy_and_Food_Security_in_Latin_America_and_the_Caribbean_Experiences_Opportunities_and_Challenges_en.pdf


Martin del Campo et al. 10.3389/fclim.2023.1085740

Infrastructure_in_Water_Energy_and_Food_Security_in_Latin_America_and_the_
Caribbean_Experiences_Opportunities_and_Challenges_en.pdf (accessed November
22, 2020).

IHME (2022). Global Burden of Disease Study 2019 (GBD 2019) Results, Institute for
Health Metrics and Evaluation. Available online at: https://vizhub.healthdata.org/gbd-
results (accessed October 16, 2022).

IMF (2021). Unlocking Access to Climate Finance for Pacific Island Countries.
International Monetary Fund (IMF). Available online at: https://www.elibrary.imf.org/
view/journals/087/2021/020/article-A000-en.xml

IPCC (2012). Managing the Risks of Extreme Events and Disasters to Advance
Climate Change Adaptation. A Special Report of Working Groups I and II of the
Intergovernmental Panel on Climate Change. 1st edn. Cambridge, UK, and New York,
NY, USA: Cambridge University Press.

IPCC (2015). Climate change 2014: synthesis report. Intergovernmental Panel on
Climate Change. Geneva, Switzerland: Intergovernmental Panel on Climate Change
(IPCC). Available online at: https://archive.ipcc.ch/pdf/assessment-report/ar5/syr/
SYR_AR5_FINAL_full_wcover.pdf

IPCC (2018). Summary for Policymakers. In: Global Warming of 1.5◦C. An IPCC
Special Report on the impacts of global warming of 1.5◦C above pre-industrial levels
and related global greenhouse gas emission pathways, in the context of strengthening the
global response to the threat of climate change, sustainable development, and efforts to
eradicate poverty. Available online at: https://www.ipcc.ch/site/assets/uploads/sites/2/
2019/05/SR15_SPM_version_report_LR.pdf (accessed November 23, 2020).

IRENA (2012). Renewable Energy Country Profiles for the Caribbean. Abu Dhabi,
United Arab Emirates: International Renewable Energy Agency (IRENA). 34. Available
online at: https://www.irena.org/publications/2012/Sep/Renewable-Energy-Country-
Profiles-for-the-Caribbean

IRENA (2019). SIDS Lighthouses Initiative. Progress and way forward. Abu Dhabi:
International Renewable Energy Agency (IRENA). Available online at: https://islands.
irena.org/-/media/Files/IRENA/Sids/IRENA_SIDS_Brochure_September-2019.ashx
(accessed August 24, 2022).

IRP (2021). Resource Efficiency and Climate Change: Material Efficiency Strategies
for a Low-Carbon Future. DTI/2269/PA. Nairobi, Kenya: International Resource Panel
(IRP), United Nations Environment Programme. Available online at: https://www.
resourcepanel.org/reports/resource-efficiency-and-climate-change (accessed October
8, 2022).

IWRA (2023).Why Focus onWater Security? Available online at: https://www.iwra.
org/watersecurity/ (accessed January 4, 2023).

Jia, W. (2019). Can the Caribbean Live within the Doughnut? - Environmental And
Social Performance of Five Island Nations. Thesis. University of Waterloo.

Jimenez, R., Serebrisky, T., and Mercado, J. (2016). What does “better” mean?
Perceptions of electricity and water services in Santo Domingo. Utilities Policy 41,
15–21. doi: 10.1016/j.jup.2016.01.005

Karnauskas, K. B., Schleussner, C. F., Donnelly, J. P., and Anchukaitis, K. J.
(2018). Freshwater stress on small island developing states: population projections
and aridity changes at 1.5 and 2 ◦C. Reg. Environ. Change 18, 2273–2282.
doi: 10.1007/s10113-018-1331-9

Kaza, S., Yao, L., Bhada-Tata, P., and Van Woerden, F. (2018). What a waste 2.0: a
global snapshot of solid waste management to 2050. Washington, DC, USA:World Bank
Group (Urban development series). doi: 10.1596/978-1-4648-1329-0

Kelman, I., and West, J. J. (2009). Climate change and small island developing
states: a critical review. Ecol. Environ. Anthropol. 5, 1–16. Available online at: https://
ilankelman.org/articles1/eea2009.pdf.

Kendall, M. E., Crim, S., Fullerton, K., Han, P. V., Cronquist, A. B., Shiferaw,
B., et al. (2012). Travel-Associated Enteric Infections Diagnosed After Return to
the United States, Foodborne Diseases Active Surveillance Network (FoodNet),
2004–2009. Clin. Infect. Dis. 54, S480–S487. doi: 10.1093/cid/cis052

Keskinen, M., Guillaume, J. H., Kattelus, M., Porkka, M., Räsänen, T. A., and Varis,
O. (2016). The water-energy-food nexus and the transboundary context: insights from
large Asian rivers.Water 8, 193. doi: 10.3390/w8050193

Klose, A. K., Wunderling, N., Winkelmann, R., and Donges, J. F. (2021).
What do we mean, “tipping cascade”?. Environ. Res. Lett. 16, 125011.
doi: 10.1088/1748-9326/ac3955

Kummu, M., Guillaume, J. H. A., de Moel, H., Eisner, S., Flörke, M., Porkka, M.,
et al. (2016). The world’s road to water scarcity: shortage and stress in the 20th century
and pathways towards sustainability. Sci. Rep. 6, 38495. doi: 10.1038/srep38495

Lee, B. (2017). Foodborne disease and the need for greater foodborne disease
surveillance in the Caribbean. Veter. Sci. 4, 40. doi: 10.3390/vetsci4030040

Lincoln, S. (2017). Impacts of climate change on society in the coastal and
marine environments of caribbean small island developing states (SIDS). Sci. Rev.
2017, 115–123.

Mahlknecht, J., González-Bravo, R., and Loge, F. J. (2020). Water-energy-food
security: A Nexus perspective of the current situation in Latin America and the
Caribbean. Energy 194, 116824. doi: 10.1016/j.energy.2019.116824

Marrero, A., and Mattei, J. (2007). “Small Islands,” in Climate Change 2007:
Impacts, Adaptation and Vulnerability. Contribution of Working Group II to the Fourth
Assessment Report of the Intergovernmental Panel on Climate Change, eds. M. L., Parry,
O., Canziani, J., Palutikof, P., Van der Linden, C., Hanson (Cambridge, UK: Cambridge
University Press) 687–716. Available online at: https://archive.ipcc.ch/publications_
and_data/ar4/wg2/en/ch16.html (accessed 18 September 2022).

Massa, I. (2021). Food security challenges and vulnerability in Small Island
Developing States. France: Sustainable Development Solutions Network (SDSN).
Available online at: https://irp.cdn-website.com/be6d1d56/files/uploaded/Food
%20security%20Vulnerability%20in%20SIDS_FINAL.pdf

Mcintosh, D. (2020). Nearly 100,000 Rural Jamaicans To Benefit From Major Water
Supply Project – Jamaica Information Service. Jamaica Information Service. Available
online at: https://jis.gov.jm/nearly-100000-rural-jamaicans-to-benefit-from-major-
water-supply-project/ (accessed September 20, 2022).

Meadows, D. H., Meadows, D. H., Randers, J., and Behrens, I. I. I. W. W. (1972).
The Limits to growth: a report for the Club of Rome’s project on the predicament of
mankind. New York: Universe Books. Available online at: https://donellameadows.org/
wp-content/userfiles/Limits-to-Growth-digital-scan-version.pdf (accessed October
4, 2022).

Mohammadi, E., Singh, S. J., McCordic, C., and Pittman, J.
(2022). Food Security Challenges and Options in the Caribbean:
Insights from a Scoping Review. Anthropocene Sci. 1, 91–108.
doi: 10.1007/s44177-021-00008-8

Mohtar, R. (2016). The importance of the Water-Energy-Food Nexus in the
implementation of The Sustainable Development Goals (SDGs). PB-16/30. Available
online at: https://www.policycenter.ma/index.php/publications/importance-water-
energy-food-nexus-implementation-sustainable-development-goals-sdgs (accessed
September 11, 2022)

Mohtar, R. H., and Daher, B. (2014). A platform for trade-off analysis and resource
allocation: The water-energy-food nexus tool and its application to qatar’s food security.
Energy, Environment and Resources.

Moss, T., Bazilian, M., Blimpo, M., Culver, L., Kincer, J., Mahadavan,
M., et al. (2020). The Modern Energy Minimum: The case for a new global
electricity consumption threshold. The Rockefeller Foundation: Energy for
Growth Hub. Available online at: https://www.rockefellerfoundation.org/wp-
content/uploads/2020/12/Modern-Energy-Minimum-Sept30.pdf (accessed March
29, 2023).

Mughini-Gras, L., Smid, J. H., Wagenaar, J. A., Boer, A. D., Havelaar, A. H.,
Friesema, I. H. M., et al. (2014). Campylobacteriosis in returning travelers and
potential secondary transmission of exotic strains. Epidemiol. Infect. 142, 1277–1288.
doi: 10.1017/S0950268813002069

Mukuve, F. M., and Fenner, R. A. (2015). Scale variability of water, land, and energy
resource interactions and their influence on the food system in Uganda. Sustain. Prod.
Consumpt. 2, 79–95. doi: 10.1016/j.spc.2015.07.009

Nagabhatla, N., Perera, D., Gheuens, J., Wale, C., and Devlin, M. (2019).Managing
Disaster Risk and Water Security: Strategies for Small Island Developing States.
Hamilton, ON, Canada: United Nations University Institute for Water, Environment
and Health. doi: 10.53328/AGNK1024

Newell, J. P., Goldstein, B., and Foster, A. (2019). A 40-year review of food–energy–
water nexus literature and its application to the urban scale. Environ. Res. Lett. 14,
073003. doi: 10.1088/1748-9326/ab0767

Nhamo, L., Ndlela, B., Nhemachena, C., Mabhaudhi, T., Mpandeli, S., and
Matchaya, G. (2018). The water-energy-food nexus: climate risks and opportunities in
Southern Africa.Water 10, 18. doi: 10.3390/w10050567

NREL (2015a). Energy Snapshot - Antigua and Barbuda. GO-102015-4651. National
Renewable Energy Laboratory NREL.

NREL (2015b). Energy Snapshot - Aruba. GO-102015-4584. National Renewable
Energy Laboratory NREL. Available online at: https://www.nrel.gov/docs/fy15osti/
62709.pdf (accessed June 26, 2020).

NREL (2015c). Energy Snapshot - Dominica. GO-102015-4580. National Renewable
Energy Laboratory NREL. Available online at: https://www.nrel.gov/docs/fy15osti/
62704.pdf (accessed June 29, 2020).

NREL (2015d). Energy Snapshot - Grenada. GO-102015-4577. National Renewable
Energy Laboratory NREL. Available online at: https://www.nrel.gov/docs/fy15osti/
62699.pdf (accessed June 28, 2020).

NREL (2015e). Energy Snapshot - Haiti. GO-102015-4657. National Renewable
Energy Laboratory NREL. Available online at: https://www.nrel.gov/docs/fy15osti/
64121.pdf (accessed August 30, 2022).

NREL (2015f). Energy Snapshot - Jamaica. GO-102015-4647. National Renewable
Energy Laboratory NREL. Available online at: https://www.nrel.gov/docs/fy15osti/
63945.pdf (accessed June 28, 2020).

NREL (2015g). Energy Snapshot - The Bahamas. GO-102015-4575. National
Renewable Energy Laboratory. Available online at: https://www.nrel.gov/docs/fy15osti/
62691.pdf (accessed 20 March 2022).

Frontiers inClimate 20 frontiersin.org

https://doi.org/10.3389/fclim.2023.1085740
https://publications.iadb.org/publications/english/document/The_Role_of_Green_Infrastructure_in_Water_Energy_and_Food_Security_in_Latin_America_and_the_Caribbean_Experiences_Opportunities_and_Challenges_en.pdf
https://publications.iadb.org/publications/english/document/The_Role_of_Green_Infrastructure_in_Water_Energy_and_Food_Security_in_Latin_America_and_the_Caribbean_Experiences_Opportunities_and_Challenges_en.pdf
https://vizhub.healthdata.org/gbd-results
https://vizhub.healthdata.org/gbd-results
https://www.elibrary.imf.org/view/journals/087/2021/020/article-A000-en.xml
https://www.elibrary.imf.org/view/journals/087/2021/020/article-A000-en.xml
https://archive.ipcc.ch/pdf/assessment-report/ar5/syr/SYR_AR5_FINAL_full_wcover.pdf
https://archive.ipcc.ch/pdf/assessment-report/ar5/syr/SYR_AR5_FINAL_full_wcover.pdf
https://www.ipcc.ch/site/assets/uploads/sites/2/2019/05/SR15_SPM_version_report_LR.pdf
https://www.ipcc.ch/site/assets/uploads/sites/2/2019/05/SR15_SPM_version_report_LR.pdf
https://www.irena.org/publications/2012/Sep/Renewable-Energy-Country-Profiles-for-the-Caribbean
https://www.irena.org/publications/2012/Sep/Renewable-Energy-Country-Profiles-for-the-Caribbean
https://islands.irena.org/-/media/Files/IRENA/Sids/IRENA_SIDS_Brochure_September-2019.ashx
https://islands.irena.org/-/media/Files/IRENA/Sids/IRENA_SIDS_Brochure_September-2019.ashx
https://www.resourcepanel.org/reports/resource-efficiency-and-climate-change
https://www.resourcepanel.org/reports/resource-efficiency-and-climate-change
https://www.iwra.org/watersecurity/
https://www.iwra.org/watersecurity/
https://doi.org/10.1016/j.jup.2016.01.005
https://doi.org/10.1007/s10113-018-1331-9
https://doi.org/10.1596/978-1-4648-1329-0
https://ilankelman.org/articles1/eea2009.pdf
https://ilankelman.org/articles1/eea2009.pdf
https://doi.org/10.1093/cid/cis052
https://doi.org/10.3390/w8050193
https://doi.org/10.1088/1748-9326/ac3955
https://doi.org/10.1038/srep38495
https://doi.org/10.3390/vetsci4030040
https://doi.org/10.1016/j.energy.2019.116824
https://archive.ipcc.ch/publications_and_data/ar4/wg2/en/ch16.html
https://archive.ipcc.ch/publications_and_data/ar4/wg2/en/ch16.html
https://irp.cdn-website.com/be6d1d56/files/uploaded/Food%20security%20Vulnerability%20in%20SIDS_FINAL.pdf
https://irp.cdn-website.com/be6d1d56/files/uploaded/Food%20security%20Vulnerability%20in%20SIDS_FINAL.pdf
https://jis.gov.jm/nearly-100000-rural-jamaicans-to-benefit-from-major-water-supply-project/
https://jis.gov.jm/nearly-100000-rural-jamaicans-to-benefit-from-major-water-supply-project/
https://donellameadows.org/wp-content/userfiles/Limits-to-Growth-digital-scan-version.pdf
https://donellameadows.org/wp-content/userfiles/Limits-to-Growth-digital-scan-version.pdf
https://doi.org/10.1007/s44177-021-00008-8
https://www.policycenter.ma/index.php/publications/importance-water-energy-food-nexus-implementation-sustainable-development-goals-sdgs
https://www.policycenter.ma/index.php/publications/importance-water-energy-food-nexus-implementation-sustainable-development-goals-sdgs
https://www.rockefellerfoundation.org/wp-content/uploads/2020/12/Modern-Energy-Minimum-Sept30.pdf
https://www.rockefellerfoundation.org/wp-content/uploads/2020/12/Modern-Energy-Minimum-Sept30.pdf
https://doi.org/10.1017/S0950268813002069
https://doi.org/10.1016/j.spc.2015.07.009
https://doi.org/10.53328/AGNK1024
https://doi.org/10.1088/1748-9326/ab0767
https://doi.org/10.3390/w10050567
https://www.nrel.gov/docs/fy15osti/62709.pdf
https://www.nrel.gov/docs/fy15osti/62709.pdf
https://www.nrel.gov/docs/fy15osti/62704.pdf
https://www.nrel.gov/docs/fy15osti/62704.pdf
https://www.nrel.gov/docs/fy15osti/62699.pdf
https://www.nrel.gov/docs/fy15osti/62699.pdf
https://www.nrel.gov/docs/fy15osti/64121.pdf
https://www.nrel.gov/docs/fy15osti/64121.pdf
https://www.nrel.gov/docs/fy15osti/63945.pdf
https://www.nrel.gov/docs/fy15osti/63945.pdf
https://www.nrel.gov/docs/fy15osti/62691.pdf
https://www.nrel.gov/docs/fy15osti/62691.pdf
https://www.frontiersin.org/journals/climate
https://www.frontiersin.org


Martin del Campo et al. 10.3389/fclim.2023.1085740

NREL (2015h). Energy Snapshot - The Federation of Saint Christopher and Nevis.
GO-102015-4581. Available online at: https://www.nrel.gov/docs/fy15osti/62706.pdf
(accessed August 30, 2022).

NREL (2015i). Energy Snapshot - Trinidad and Tobago. GO-102015-4653. National
Renewable Energy Laboratory NREL. Available online at: https://www.nrel.gov/docs/
fy15osti/64117.pdf (accessed October 28, 2022).

NREL (2015j). Energy Transition Initiative Islands Playbook. DOE/GO-102015-
4506. National Renewable Energy Laboratory (NREL). 120. Available online at: https://
www.energy.gov/sites/prod/files/2015/02/f19/62742.pdf (accessed June 30, 2020).

NREL (2020). Energy Snapshot - Barbados. GO-102020-5393. National Renewable
Energy Laboratory NREL. Available online at: https://www.nrel.gov/docs/fy20osti/
76636.pdf (accessed June 29, 2020).

OCHA and UNCT-Cuba (2016). Cuba: Plan of Action Response to Hurricane
Matthew’. Available online at: https://reliefweb.int/report/cuba/cuba-plan-action-
response-hurricane-matthew-october-2016 (accessed September 19, 2022).

Ochs, A., Konold, M., Auth, K., Musolino, E., and Killeen, P. (2015). Caribbean
Sustainable Energy Roadmap and Strategy (C-SERMS): Baseline Report and Assessment.
Washington, DC: Worldwatch Institute.

OECD (2003). Emerging Risks in the 21st Century: An Agenda for Action. Paris,
France: OECD. doi: 10.1787/9789264101227-en

OECD (2021). Managing Climate Risks, Facing up to Losses and Damages. Paris:
OECD Publishing. doi: 10.1787/55ea1cc9-en

OECD, ECLAC, CAF Development Bank of Latin America, and European
Commission. (2021). Chapter 6. Special feature: The Caribbean small states. in Latin
American Economic Outlook 2021 : Working Together for a Better Recovery (Paris:
OECD Publishing) 185–199. Available online at: https://www.oecd-ilibrary.org/sites/
96a047f8-en/index.html?itemId=/content/component/96a047f8-en#chap-6.

OHRLLS (2019). Policy Brief #13. Achieving SDG 7 in Small Island Developing
States. Mid-term review of the SAMOA Pathway. Part IV-Regional Perspectives.
Office of the High Representative for the Least Developed Countries, Landlocked
Countries and Small Island Developing States (OHRLLS), United Nations
Industrial Development Organization (UNIDO), the International Renewable
Energy Agency (IRENA), the Rocky Mountain Institute, and the Government
of Saint Lucia. Available online at: https://sdgs.un.org/sites/default/files/2021-05/
POLICY%20BRIEF%2013%20-%20ACHIEVING%20SDG%207%20IN%20SMALL
%20ISLAND%20DEVELOPING%20STATES%20MID-TERM%20REVIEW%20OF
%20THE%20SAMOA%20PATHWAY.pdf (accessed January 3, 2023).

Oxford University Press (2022). Definition of Tipping point. Available online
at: https://www.oxfordlearnersdictionaries.com/definition/english/tipping-point?q=
tipping$+$point (accessed December 30, 2022).

Pahl-Wostl, C. (2017). Governance of the water-energy-food security
nexus: A multi-level coordination challenge. Environ. Sci. Policy 92, 356–367.
doi: 10.1016/j.envsci.2017.07.017

Petridis, P., and Fischer-Kowalski, M. (2016). “Island Sustainability: The Case of
Samothraki,” in Social ecology: Society-nature relations across time and space (Cham,
Switzerland: Springer) 543–557. doi: 10.1007/978-3-319-33326-7_28

Rahman, S., Singh, S., and McCordic, C. (2022). Can the Caribbean localize its
food system? Evidence from biomass flow accounting. J. Industr. Ecol. 26, 1025–1039.
doi: 10.1111/jiec.13241

Renn, O., Ortleb, J., Benighaus, L., and Benighaus, C. (2011). “Chapter 1: Risks,” in
Safe or Not Safe: Deciding What Risks to Accept in Our Environment and Food, eds.
P., Pechan, O., Renn, A., Watt, and I., Pongratz (Springer Science+Business Media,
LLC). Available online at: https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7122187/
(accessed November 8, 2022).

Rentschler, J., Avner, P., Marconcini, M., Su, R., Strano, E., and Hallegatte, S.
(2022). Rapid urban growth in flood zones: Global trends in exposure since 1985. Blog
entry. World Bank Group. Available online at: https://openknowledge.worldbank.org/
bitstream/handle/10986/37348/IDU0ef8bc63a022b304b7c08e7c04aac815d4d98.pdf?
sequence=5andisAllowed=y (accessed October 7, 2022).

Roser, M., Ritchie, H., and Spooner, F. (2021). Burden of disease.OurWorld in Data.
Available online at: https://ourworldindata.org/burden-of-disease (accessed October
16, 2022).

Ruel, M. (2013). “Chapter Two: Food Security and Nutrition: Linkages and
Complementarities,” inThe Road to Good Nutrition, eds.M., Eggersdorfer, K., Kraemer,
M., Ruel, M., Van Ameringen, H. K., Biesalski, M., Bloem (Basel: KARGER) 24–38.
doi: 10.1159/000355991

Sachs, J., Massa, I., Marinescu, S., and Lafortune, G. (2021). The Decade of Action
and Small Island Developing States: Measuring and addressing SIDS’ vulnerabilities to
accelerate SDG progress. Sustainable Development Solutions Network. Available online
at: https://caboverde.un.org/sites/default/files/2021-07/WP_MVI_Sachs%20Massa
%20Marinescu%20Lafortune_FINAL_cVeeBVmKSKyYYS6OyiiH.pdf.

Save the Bays and Waterkeeper Alliance (2019). Save the bays report. Save the
Bays. Available online at: https://waterkeeper.org/wp-content/uploads/2019/10/Oil_
STB_Oct22-FINAL-1.pdf (accessed October 10, 2019).

Scharff, R. L. (2012). Economic burden from health losses due to foodborne illness
in the United States. J. Food Protect. 75, 123–131. doi: 10.4315/0362-028X.JFP-11-058

Sillmann, J., Christensen, I., Hochrainer-Stigler, S., Huang-Lachmann, J., Juhola,
S., Kornhuber, K., et al. (2022). ISC-UNDRR-RISK KAN Briefing note on systemic risk.
Paris, France: International Science Council. 36.

Simpson, G. B., and Jewitt, G. P. W. (2019). The development of the water-energy-
food nexus as a framework for achieving resource security: a review. Front. Environ.
Sci. 7, 8. doi: 10.3389/fenvs.2019.00008

Singh, S. J., Fischer-Kowalski, M., and Chertow, M. (2020). Introduction: the
metabolism of Islands. Sustainability 12, 9516. doi: 10.3390/su12229516

Singh, S. J., Huang, T., Nagabhatla, N., Schweizer, P. J., Eckelman, M., Verschuur, J.,
et al. (2022). Socio-metabolic risk and tipping points on islands. Environ. Res. Lett. 17,
065009. doi: 10.1088/1748-9326/ac6f6c

Smith, J. (2020). The Current Average Cost of Electricity Per Country. HostDime
Blog. Available online at: https://www.hostdime.com/blog/average-cost-of-electricity-
per-country/ (accessed September 19, 2022).

Spiegelberg, M., Baltazar, D. E., Sarigumba, M. P. E., Orencio, P. M., Hoshino,
S., Hashimoto, S., et al. (2017). Unfolding livelihood aspects of the Water–
Energy–Food Nexus in the Dampalit Watershed, Philippines. J. Hydrol. 11, 53–68.
doi: 10.1016/j.ejrh.2015.10.009

Stephanides, P., Chalvatzis, K. J., Li, X., Lettice, F., Guan, D., Ioannidis, A., et al.
(2019). The social perspective on island energy transitions: Evidence from the Aegean
archipelago. Appl. Energy 255, 113725. doi: 10.1016/j.apenergy.2019.113725

Surroop, D., Raghoo, P., and Bundhoo, Z. M. A. (2018). Comparison of
energy systems in Small Island Developing States. Utilities Policy 54, 46–54.
doi: 10.1016/j.jup.2018.07.006

Taniguchi,M., Endo, A., Gurdak, J. J., and Swarzenski, P. (2017).Water-energy-food
nexus in the Asia-Pacific Region. J. Hydrol. 11, 1–8. doi: 10.1016/j.ejrh.2017.06.004

The World Bank (2022a). Access to clean fuels and technologies for cooking (% of
population) - Antigua and Barbuda, Aruba, Bahamas, The, Barbados, Cuba, Dominica,
Dominican Republic, Grenada, Haiti, St. Vincent and the Grenadines, St. Kitts and Nevis,
St. Lucia, Trinidad and Tobago - World Development Indicators. The World Bank
Group. Available online at: https://data.worldbank.org/indicator/EG.CFT.ACCS.ZS?
locations=AG-AW-BS-BB-CU-DM-DO-GD-HT-VC-KN-LC-TT (accessed April 4,
2023).

The World Bank (2022b). Access to electricity (% of population) - Antigua and
Barbuda, Barbados, Cuba, Dominica, Dominican Republic, Grenada, Haiti, Jamaica,
St. Kitts and Nevis, St. Lucia, St. Vincent and the Grenadines, Bahamas, The, Trinidad
and Tobago World Development Indicators. The World Bank Group. Available online
at: https://data.worldbank.org/indicator/EG.ELC.ACCS.ZS?end=2020andlocations=
AG-BB-CU-DM-DO-GD-HT-JM-KN-LC-VC-BS-TTandstart=1990andview=chart
(accessed January 23, 2022).

The World Bank (2022c). Arable land (hectares per person) - Antigua and
Barbuda, Aruba, Barbados, Cuba, Dominica, Dominican Republic, Grenada, Haiti,
Jamaica, St. Kitts and Nevis, St. Vincent and the Grenadines, Bahamas, The, Trinidad
and Tobago, St. Lucia. World Development Indicators. The World Bank Group.
Available online at: https://data.worldbank.org/indicator/AG.LND.ARBL.HA.PC?
end=2017andlocations=AG-AW-BB-CU-DM-DO-GD-HT-JM-KN-VC-BS-TT-
LC-XL (accessed August 25, 2022).

The World Bank (2022d). Ease of doing business rank (1=most business-friendly
regulations) - Antigua and Barbuda, Aruba, Barbados, Cuba, Dominica, Dominican
Republic, Grenada, Haiti, Jamaica, St. Kitts and Nevis, St. Vincent and the Grenadines,
Bahamas, The, Trinidad and Tobago, St. Lucia. World Development Indicators. The
World Bank Group. Available online at: https://data.worldbank.org/indicator/IC.BUS.
EASE.XQ?locations=AG-AW-BB-CU-DM-DO-GD-HT-JM-KN-VC-BS-TT-LC
(accessed September 6, 2022).

The World Bank (2022e). Getting electricity: System average interruption
duration index (SAIDI), govData360, GovData360. Available online at: https://
govdata360.worldbank.org/indicators/h5a3a612b?country=ATGandindicator=
42570andcountries=ABW,BHS,BRB,CUB,DMA,DOM,GRD,HTI,JAM,LCA,VCT,
KNA,TTOandviz$=$bar_chartandyears$=$2019 (accessed September 12, 2022).

The World Bank (2022f). Health, nutrition and population statistics - Metadata
Glossary. Available online at: https://databank.worldbank.org/metadataglossary/
health-nutrition-and-population-statistics/series/SH.STA.SMSS.UR.ZS (accessed
September 6, 2022).

The World Bank (2022g). Land area (sq. km) - Antigua and Barbuda, Aruba,
Barbados, Cuba, Dominica, Dominican Republic, Grenada, Haiti, Jamaica, St. Kitts
and Nevis, St. Vincent and the Grenadines, Bahamas, The, Trinidad and Tobago,
St. Lucia. World Development Indicators. The World Bank Group. Available online
at: https://data.worldbank.org/indicator/AG.LND.TOTL.K2?locations=AG-AW-BB-
CU-DM-DO-GD-HT-JM-KN-VC-BS-TT-LC (accessed September 6, 2022).

The World Bank (2022h). Mortality rate attributed to household and ambient air
pollution, age-standardized (per 100,000 population) - Antigua and Barbuda, Aruba,
Bahamas, The, Barbados, Cuba, Dominica, Dominican Republic, Grenada, Haiti, St.
Kitts and Nevis, St. Lucia, St. Vincent and the Grenadines, Trinidad and Tobago,
Jamaica, Latin America and Caribbean. World Development Indicators. The World
Bank Group. Available online at: https://data.worldbank.org/indicator/SH.STA.AIRP.
P5?end=2016andlocations=AG-AW-BS-BB-CU-DM-DO-GD-HT-KN-LC-VC-TT-
JM-ZJandstart=2016andview=bar (accessed October 16, 2022).

Frontiers inClimate 21 frontiersin.org

https://doi.org/10.3389/fclim.2023.1085740
https://www.nrel.gov/docs/fy15osti/62706.pdf
https://www.nrel.gov/docs/fy15osti/64117.pdf
https://www.nrel.gov/docs/fy15osti/64117.pdf
https://www.energy.gov/sites/prod/files/2015/02/f19/62742.pdf
https://www.energy.gov/sites/prod/files/2015/02/f19/62742.pdf
https://www.nrel.gov/docs/fy20osti/76636.pdf
https://www.nrel.gov/docs/fy20osti/76636.pdf
https://reliefweb.int/report/cuba/cuba-plan-action-response-hurricane-matthew-october-2016
https://reliefweb.int/report/cuba/cuba-plan-action-response-hurricane-matthew-october-2016
https://doi.org/10.1787/9789264101227-en
https://doi.org/10.1787/55ea1cc9-en
https://www.oecd-ilibrary.org/sites/96a047f8-en/index.html?itemId=/content/component/96a047f8-en#chap-6
https://www.oecd-ilibrary.org/sites/96a047f8-en/index.html?itemId=/content/component/96a047f8-en#chap-6
https://sdgs.un.org/sites/default/files/2021-05/POLICY%20BRIEF%2013%20-%20ACHIEVING%20SDG%207%20IN%20SMALL%20ISLAND%20DEVELOPING%20STATES%20MID-TERM%20REVIEW%20OF%20THE%20SAMOA%20PATHWAY.pdf
https://sdgs.un.org/sites/default/files/2021-05/POLICY%20BRIEF%2013%20-%20ACHIEVING%20SDG%207%20IN%20SMALL%20ISLAND%20DEVELOPING%20STATES%20MID-TERM%20REVIEW%20OF%20THE%20SAMOA%20PATHWAY.pdf
https://sdgs.un.org/sites/default/files/2021-05/POLICY%20BRIEF%2013%20-%20ACHIEVING%20SDG%207%20IN%20SMALL%20ISLAND%20DEVELOPING%20STATES%20MID-TERM%20REVIEW%20OF%20THE%20SAMOA%20PATHWAY.pdf
https://sdgs.un.org/sites/default/files/2021-05/POLICY%20BRIEF%2013%20-%20ACHIEVING%20SDG%207%20IN%20SMALL%20ISLAND%20DEVELOPING%20STATES%20MID-TERM%20REVIEW%20OF%20THE%20SAMOA%20PATHWAY.pdf
https://www.oxfordlearnersdictionaries.com/definition/english/tipping-point?q=tipping$+$point
https://www.oxfordlearnersdictionaries.com/definition/english/tipping-point?q=tipping$+$point
https://doi.org/10.1016/j.envsci.2017.07.017
https://doi.org/10.1007/978-3-319-33326-7_28
https://doi.org/10.1111/jiec.13241
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7122187/
https://openknowledge.worldbank.org/bitstream/handle/10986/37348/IDU0ef8bc63a022b304b7c08e7c04aac815d4d98.pdf?sequence=5andisAllowed=y
https://openknowledge.worldbank.org/bitstream/handle/10986/37348/IDU0ef8bc63a022b304b7c08e7c04aac815d4d98.pdf?sequence=5andisAllowed=y
https://openknowledge.worldbank.org/bitstream/handle/10986/37348/IDU0ef8bc63a022b304b7c08e7c04aac815d4d98.pdf?sequence=5andisAllowed=y
https://ourworldindata.org/burden-of-disease
https://doi.org/10.1159/000355991
https://caboverde.un.org/sites/default/files/2021-07/WP_MVI_Sachs%20Massa%20Marinescu%20Lafortune_FINAL_cVeeBVmKSKyYYS6OyiiH.pdf
https://caboverde.un.org/sites/default/files/2021-07/WP_MVI_Sachs%20Massa%20Marinescu%20Lafortune_FINAL_cVeeBVmKSKyYYS6OyiiH.pdf
https://waterkeeper.org/wp-content/uploads/2019/10/Oil_STB_Oct22-FINAL-1.pdf
https://waterkeeper.org/wp-content/uploads/2019/10/Oil_STB_Oct22-FINAL-1.pdf
https://doi.org/10.4315/0362-028X.JFP-11-058
https://doi.org/10.3389/fenvs.2019.00008
https://doi.org/10.3390/su12229516
https://doi.org/10.1088/1748-9326/ac6f6c
https://www.hostdime.com/blog/average-cost-of-electricity-per-country/
https://www.hostdime.com/blog/average-cost-of-electricity-per-country/
https://doi.org/10.1016/j.ejrh.2015.10.009
https://doi.org/10.1016/j.apenergy.2019.113725
https://doi.org/10.1016/j.jup.2018.07.006
https://doi.org/10.1016/j.ejrh.2017.06.004
https://data.worldbank.org/indicator/EG.CFT.ACCS.ZS?locations=AG-AW-BS-BB-CU-DM-DO-GD-HT-VC-KN-LC-TT
https://data.worldbank.org/indicator/EG.CFT.ACCS.ZS?locations=AG-AW-BS-BB-CU-DM-DO-GD-HT-VC-KN-LC-TT
https://data.worldbank.org/indicator/EG.ELC.ACCS.ZS?end=2020andlocations=AG-BB-CU-DM-DO-GD-HT-JM-KN-LC-VC-BS-TTandstart=1990andview=chart
https://data.worldbank.org/indicator/EG.ELC.ACCS.ZS?end=2020andlocations=AG-BB-CU-DM-DO-GD-HT-JM-KN-LC-VC-BS-TTandstart=1990andview=chart
https://data.worldbank.org/indicator/AG.LND.ARBL.HA.PC?end=2017andlocations=AG-AW-BB-CU-DM-DO-GD-HT-JM-KN-VC-BS-TT-LC-XL
https://data.worldbank.org/indicator/AG.LND.ARBL.HA.PC?end=2017andlocations=AG-AW-BB-CU-DM-DO-GD-HT-JM-KN-VC-BS-TT-LC-XL
https://data.worldbank.org/indicator/AG.LND.ARBL.HA.PC?end=2017andlocations=AG-AW-BB-CU-DM-DO-GD-HT-JM-KN-VC-BS-TT-LC-XL
https://data.worldbank.org/indicator/IC.BUS.EASE.XQ?locations=AG-AW-BB-CU-DM-DO-GD-HT-JM-KN-VC-BS-TT-LC
https://data.worldbank.org/indicator/IC.BUS.EASE.XQ?locations=AG-AW-BB-CU-DM-DO-GD-HT-JM-KN-VC-BS-TT-LC
https://govdata360.worldbank.org/indicators/h5a3a612b?country=ATGandindicator=42570andcountries=ABW,BHS,BRB,CUB,DMA,DOM,GRD,HTI,JAM,LCA,VCT,KNA,TTOandviz$=$bar_chartandyears$=$2019
https://govdata360.worldbank.org/indicators/h5a3a612b?country=ATGandindicator=42570andcountries=ABW,BHS,BRB,CUB,DMA,DOM,GRD,HTI,JAM,LCA,VCT,KNA,TTOandviz$=$bar_chartandyears$=$2019
https://govdata360.worldbank.org/indicators/h5a3a612b?country=ATGandindicator=42570andcountries=ABW,BHS,BRB,CUB,DMA,DOM,GRD,HTI,JAM,LCA,VCT,KNA,TTOandviz$=$bar_chartandyears$=$2019
https://govdata360.worldbank.org/indicators/h5a3a612b?country=ATGandindicator=42570andcountries=ABW,BHS,BRB,CUB,DMA,DOM,GRD,HTI,JAM,LCA,VCT,KNA,TTOandviz$=$bar_chartandyears$=$2019
https://databank.worldbank.org/metadataglossary/health-nutrition-and-population-statistics/series/SH.STA.SMSS.UR.ZS
https://databank.worldbank.org/metadataglossary/health-nutrition-and-population-statistics/series/SH.STA.SMSS.UR.ZS
https://data.worldbank.org/indicator/AG.LND.TOTL.K2?locations=AG-AW-BB-CU-DM-DO-GD-HT-JM-KN-VC-BS-TT-LC
https://data.worldbank.org/indicator/AG.LND.TOTL.K2?locations=AG-AW-BB-CU-DM-DO-GD-HT-JM-KN-VC-BS-TT-LC
https://data.worldbank.org/indicator/SH.STA.AIRP.P5?end=2016andlocations=AG-AW-BS-BB-CU-DM-DO-GD-HT-KN-LC-VC-TT-JM-ZJandstart=2016andview=bar
https://data.worldbank.org/indicator/SH.STA.AIRP.P5?end=2016andlocations=AG-AW-BS-BB-CU-DM-DO-GD-HT-KN-LC-VC-TT-JM-ZJandstart=2016andview=bar
https://data.worldbank.org/indicator/SH.STA.AIRP.P5?end=2016andlocations=AG-AW-BS-BB-CU-DM-DO-GD-HT-KN-LC-VC-TT-JM-ZJandstart=2016andview=bar
https://www.frontiersin.org/journals/climate
https://www.frontiersin.org


Martin del Campo et al. 10.3389/fclim.2023.1085740

The World Bank (2022i). Population, total - Antigua and Barbuda, Aruba,
Barbados, Cuba, Dominica, Dominican Republic, Grenada, Haiti, Jamaica, St. Kitts
and Nevis, St. Vincent and the Grenadines, Bahamas, The, Trinidad and Tobago,
St. Lucia. World Development Indicators. The World Bank Group. Available online
at: https://data.worldbank.org/indicator/SP.POP.TOTL?locations=AG-AW-BB-CU-
DM-DO-GD-HT-JM-KN-VC-BS-TT-LC (accessed September 6, 2022).

The World Bank (2022j). Renewable internal freshwater resources per capita (cubic
meters) - Antigua and Barbuda, Barbados, Cuba, Dominica, Dominican Republic,
Grenada, Haiti, Jamaica, St. Kitts and Nevis, St. Lucia, St. Vincent and the Grenadines,
Bahamas, The, Trinidad and Tobago. World Development Indicators. The World
Bank Group. Available online at: https://data.worldbank.org/indicator/ER.H2O.INTR.
PC?end=2018andlocations=AG-BB-CU-DM-DO-GD-HT-JM-KN-LC-VC-BS-
TTandstart=1962andview=chart (accessed August 23, 2022).

The World Bank (2022k). The Fight against Food Insecurity in the Caribbean.
Available online at: https://www.worldbank.org/en/news/feature/2022/06/28/food-
insecurity-caribbean (accessed September 11, 2022).

The World Economic Forum (2011). Water Security - The Water-Food-Energy
Climate Nexus.Washington, DC: World Economic Forum. Available online at: http://
www.weforum.org/docs/WEF_WI_WaterSecurity_WaterFoodEnergyClimateNexus_
2011.pdf (accessed November 8, 2020).

Thomas, A., Baptiste, A., Martyr-Koller, R., Pringle, P., and Rhiney, K. (2020).
Climate change and small Island developing states.Ann. Rev. Environ. Resour. 45, 1–27.
doi: 10.1146/annurev-environ-012320-083355

Tighe, M.-K., Savage, R., Vrbova, L., Toolan, M., Whitfield, Y.,
Varga, C., et al. (2012). The epidemiology of travel-related Salmonella
Enteritidis in Ontario, Canada, 2010–2011. BMC Public Health 12, 310.
doi: 10.1186/1471-2458-12-310

Trotman, A., Mahon, R., VanMeerbeck, C., and Riley, E. (2021).Advancing Drought
Risk Management in the Caribbean: A Multi-Sectoral Perspective. Available online
at: https://www.preventionweb.net/files/78462_cs5.gar21caribbeandroughtcasestudyf.
pdf (accessed September 18, 2022).

UN (2010). Trends in sustainable development - Small Island Developing States.
New York: United nations. Department of Economic and social Affairs. Division for
Sustainable Development. Available online at: https://www.cbd.int/islands/doc/sids-
trends-report-v4-en.pdf (accessed September 12, 2022).

UN (2018a). In the eye of the Caribbean storm: one year on from Irma andMaria.UN
News. Available online at: https://news.un.org/en/story/2018/09/1018372 (accessed 5
October 2022).

UN (2018b). SIDS Times - The Cowrie. First Edition 2018. Small Island
Developing States (SIDS) Unit, Division for Sustainable Development
Goals, United Nations Department of Economic and Social Affairs.
Available online at: https://sustainabledevelopment.un.org/content/
documents/Newsletters/SIDS_TIMES_2018_June.pdf (accessed September
12, 2022).

UN (2021). Policy Analysis - Aligning Economic Development and Water Policies
in Small Island Developing States (SIDS). United Nations (UNCTAD/ALDC/2021/6).
Available online at: https://unctad.org/system/files/official-document/aldc2021d6_en.
pdf (accessed September 12, 2022).

UN (2022). The United Nations World Water Development Report 2022:
Groundwater: Making the invisible visible. Paris: UNESCO. Available online at: https://
unesdoc.unesco.org/ark:/48223/pf0000380721 (accessed August 24, 2022).

UN General Assembly (2015). Transforming our world: the 2030 Agenda for
Sustainable Development. A/RES/70/1. Available online at: https://www.refworld.org/
docid/57b6e3e44.html (accessed August 11, 2022).

UN Sustainable Water and Energy Solutions Network (2020). Case Studies, United
Nations. United Nations. Available online at: https://www.un.org/fr/water-energy-
network/page/case-study (accessed November 22, 2020).

UNCTAD (2021). UNCTAD Development and Globalization: Facts and Figures
2021. What makes a SIDS a SIDS. Available online at: https://dgff2021.unctad.org/
unctad-and-the-sids/ (accessed March 20, 2022).

UNDP (2017). Regional Overview: Impact of Hurricanes Irma and Maria. United
Nations Development Programme. Available online at: https://reliefweb.int/report/
dominica/regional-overview-impact-hurricanes-irma-and-maria (accessed October
5, 2021).

UNECE (2015). Reconciling resource use in transboundary basins: assessment
of the water-food-energy-ecosystems nexus. ECE/MP.WAT/46. New York, Geneva:
United Nations Economic Commission for Europe, p. 121. Available online
at: https://www.unece.org/fileadmin/DAM/env/water/publications/WAT_46_Nexus/
ece_mp.wat_46_eng.pdf (accessed October 10, 2020).

UNEP (2014). Emerging Issues for Small Island Developing States.
United Nations Environmental Programme (UNEP). Available online
at: https://www.unep.org/resources/report/emerging-issues-small-
island-developing-states#:$\sim$:text=The%20findings%20reveal%20that
%20SIDS,move%20towards%20a%20green%20economy. (accessed August 18,
2022).

UNEP (2022). Oils (hydrocarbons). Available online at: https://www.unep.org/cep/
es/node/151?%2Foils-hydrocarbons= (accessed September 19, 2022).

UN-ESCAP (2013). Water, Food and Energy Nexus in Asia and the Pacific. United
Nations Economic and Social Commission for Asia and the Pacific (ESCAP). Available
online at: https://www.unescap.org/sites/default/files/Water-Food-Nexus%20Report.
pdf (accessed October 10, 2020).

UNESCO (2017). A Caribbean strategy to cope with climate change. Available online
at: http://www.unesco.org/new/en/natural-sciences/priority-areas/sids/single-view-
small-island/news/a_caribbean_strategy_to_cope_with_climate_change/ (accessed
November 23, 2020).

UNESCO and UN-Water (2020). United Nations World Water Development Report
2020: Water and Climate Change. Paris: UNESCO (The United Nations world water
development report, 2020). Available online at: https://unesdoc.unesco.org/ark:/48223/
pf0000372985.locale=en (accessed September 11, 2022).

UNESCO-IHP and UNEP (2017). Transboundary Aquifers and Groundwater
Systems of Small Island Developing States: Status and Trends. Nairobi, Kenya: United
Nations Environment Programme (UNEP). Available online at: https://unesdoc.
unesco.org/ark:/48223/pf0000259254 (accessed November 23, 2020).

UNIDO (2010). Resource productivity for climate action. Austria: United Nations
Industrial Development Organization (UNIDO). Available online at: https://www.
unido.org/sites/default/files/2010-12/Resource_productivity_Climate_Action_0.pdf
(accessed October 8, 2022).

UNISDR (2015). Making development sustainable: the future of disaster risk
management. Global Assessment Report on Disaster Risk Reduction. UN. Geneva,
Switzerland: United Nations Office for Disaster Risk Reduction (UNISDR):
United Nations (Global assessment report on disaster risk reduction, 4.2015).
Available online at: https://www.preventionweb.net/english/hyogo/gar/2015/en/gar-
pdf/GAR2015_EN.pdf

UN-OHRLLS (2013). Small Island Developing States in numbers. United Nations
Office of the High Representative for the Least Developed Countries, Landlocked
Developing Countries and Small Island Developing States (UN-OHRLLS). Available
online at: https://wedocs.unep.org/bitstream/handle/20.500.11822/9279/-SIDS%20in
%20numbers-2013SIDS_IN_NUMBERS_121813_FA_WEB.pdf

UN-Water TF-IMR (2009). Monitoring progress in the water sector: A selected
set of indicators.’ United Nations Water Task Force on Indicators, Monitoring and
Reporting (TF-IMR). Available online at: https://www.unwater.org/sites/default/files/
app/uploads/2017/05/TFIMR_Annex_FinalReport.pdf (accessed September 5, 2022).

UNWTO (2014). Tourism in Small Island Developing States (SIDS) –
Building a more sustainable future for the people of Islands. World Tourism
Organization (UNWTO).

UNWTO (2015). Panorama OMT del turismo internacional, Edición 2015.
United Nations World Tourism Organization. Available online at: https://
www.e-unwto.org/doi/epdf/10.18111/9789284416875 (accessed September
18, 2022).

van der Geest, M., and Slijkerman, D. (2019). Nexus interventions for small
tropical island - Case study Bonaire. Wageningen University and Research. Available
online at: https://www.researchgate.net/publication/332081887_Nexus_interventions_
for_small_tropical_islands_case_study_Bonaire_compilation_of_fact_sheets_1_to_8

Villeret, G. (2022). Rankings - Human Development Index (HDI) - Americas.
Available online at: https://en.populationdata.net/rankings/hdi/americas/ (accessed
September 6, 2022).

Vourdoubas, J. (2020). The Nexus between Agriculture and Renewable
Energy Sources in the Island of Crete, Greece. Eur. J. Appl. Sci. 8, 100–110.
doi: 10.14738/aivp.83.8720

Vyawahare, M. (2021). As Bahamas offshore project falls flat, oil driller
island-hops across Caribbean. Mongabay Environmental News. Available
online at: https://news.mongabay.com/2021/02/as-bahamas-offshore-project-
falls-flat-oil-driller-island-hops-across-caribbean/ (accessed September
19, 2022).

Walker, R. V., Beck, M. B., Hall, J. W., Dawson, R. J., and Heidrich, O. (2014). The
energy-water-food nexus: Strategic analysis of technologies for transforming the urban
metabolism. J. Environ. Manage. 141, 104–115. doi: 10.1016/j.jenvman.2014.01.054

WEB Aruba (2022).WEBAruba N.V. | Loss of Load Expectation. Available online at:
https://webaruba.com/energy-production/loss-load-expectation (accessed September
20, 2022).

Weiss, M., Ravillard, P., Sanin, M. E., Carvajal, F., Daltro, Y., Chueca, E., et al.
(2021). Impact of Regulation on the Quality of Electric Power Distribution Services
in Latin America and the Caribbean. Technical Note IDB-TN-2328. Inter-American
Development Bank (IDB) - Energy Division. Available online at: https://publications.
iadb.org/publications/english/document/Impact-of-Regulation-on-the-Quality-of-
Electric-Power-Distribution-Services-in-Latin-America-and-the-Caribbean.pdf
(accessed September 21, 2022).

WFP (2022). Sharp rise in food insecurity in the Caribbean, survey finds | World
Food Programme. World Food Programme - Saving lives, changing lives, 27 April.
Available online at: https://www.wfp.org/news/sharp-rise-food-insecurity-caribbean-
survey-finds (accessed August 24, 2022).

WHO (2022a). Disability-adjusted life years (DALYs), World Health Organization.
Available online at: https://www.who.int/data/gho/indicator-metadata-registry/imr-
details/158 (accessed October 17, 2022).

Frontiers inClimate 22 frontiersin.org

https://doi.org/10.3389/fclim.2023.1085740
https://data.worldbank.org/indicator/SP.POP.TOTL?locations=AG-AW-BB-CU-DM-DO-GD-HT-JM-KN-VC-BS-TT-LC
https://data.worldbank.org/indicator/SP.POP.TOTL?locations=AG-AW-BB-CU-DM-DO-GD-HT-JM-KN-VC-BS-TT-LC
https://data.worldbank.org/indicator/ER.H2O.INTR.PC?end=2018andlocations=AG-BB-CU-DM-DO-GD-HT-JM-KN-LC-VC-BS-TTandstart=1962andview=chart
https://data.worldbank.org/indicator/ER.H2O.INTR.PC?end=2018andlocations=AG-BB-CU-DM-DO-GD-HT-JM-KN-LC-VC-BS-TTandstart=1962andview=chart
https://data.worldbank.org/indicator/ER.H2O.INTR.PC?end=2018andlocations=AG-BB-CU-DM-DO-GD-HT-JM-KN-LC-VC-BS-TTandstart=1962andview=chart
https://www.worldbank.org/en/news/feature/2022/06/28/food-insecurity-caribbean
https://www.worldbank.org/en/news/feature/2022/06/28/food-insecurity-caribbean
http://www.weforum.org/docs/WEF_WI_WaterSecurity_WaterFoodEnergyClimateNexus_2011.pdf
http://www.weforum.org/docs/WEF_WI_WaterSecurity_WaterFoodEnergyClimateNexus_2011.pdf
http://www.weforum.org/docs/WEF_WI_WaterSecurity_WaterFoodEnergyClimateNexus_2011.pdf
https://doi.org/10.1146/annurev-environ-012320-083355
https://doi.org/10.1186/1471-2458-12-310
https://www.preventionweb.net/files/78462_cs5.gar21caribbeandroughtcasestudyf.pdf
https://www.preventionweb.net/files/78462_cs5.gar21caribbeandroughtcasestudyf.pdf
https://www.cbd.int/islands/doc/sids-trends-report-v4-en.pdf
https://www.cbd.int/islands/doc/sids-trends-report-v4-en.pdf
https://news.un.org/en/story/2018/09/1018372
https://sustainabledevelopment.un.org/content/documents/Newsletters/SIDS_TIMES_2018_June.pdf
https://sustainabledevelopment.un.org/content/documents/Newsletters/SIDS_TIMES_2018_June.pdf
https://unctad.org/system/files/official-document/aldc2021d6_en.pdf
https://unctad.org/system/files/official-document/aldc2021d6_en.pdf
https://unesdoc.unesco.org/ark:/48223/pf0000380721
https://unesdoc.unesco.org/ark:/48223/pf0000380721
https://www.refworld.org/docid/57b6e3e44.html
https://www.refworld.org/docid/57b6e3e44.html
https://www.un.org/fr/water-energy-network/page/case-study
https://www.un.org/fr/water-energy-network/page/case-study
https://dgff2021.unctad.org/unctad-and-the-sids/
https://dgff2021.unctad.org/unctad-and-the-sids/
https://reliefweb.int/report/dominica/regional-overview-impact-hurricanes-irma-and-maria
https://reliefweb.int/report/dominica/regional-overview-impact-hurricanes-irma-and-maria
https://www.unece.org/fileadmin/DAM/env/water/publications/WAT_46_Nexus/ece_mp.wat_46_eng.pdf
https://www.unece.org/fileadmin/DAM/env/water/publications/WAT_46_Nexus/ece_mp.wat_46_eng.pdf
https://www.unep.org/resources/report/emerging-issues-small-island-developing-states#:${sim }$:text=The%20findings%20reveal%20that%20SIDS
https://www.unep.org/resources/report/emerging-issues-small-island-developing-states#:${sim }$:text=The%20findings%20reveal%20that%20SIDS
https://www.unep.org/resources/report/emerging-issues-small-island-developing-states#:${sim }$:text=The%20findings%20reveal%20that%20SIDS
https://www.unep.org/cep/es/node/151?%2Foils-hydrocarbons=
https://www.unep.org/cep/es/node/151?%2Foils-hydrocarbons=
https://www.unescap.org/sites/default/files/Water-Food-Nexus%20Report.pdf
https://www.unescap.org/sites/default/files/Water-Food-Nexus%20Report.pdf
http://www.unesco.org/new/en/natural-sciences/priority-areas/sids/single-view-small-island/news/a_caribbean_strategy_to_cope_with_climate_change/
http://www.unesco.org/new/en/natural-sciences/priority-areas/sids/single-view-small-island/news/a_caribbean_strategy_to_cope_with_climate_change/
https://unesdoc.unesco.org/ark:/48223/pf0000372985.locale=en
https://unesdoc.unesco.org/ark:/48223/pf0000372985.locale=en
https://unesdoc.unesco.org/ark:/48223/pf0000259254
https://unesdoc.unesco.org/ark:/48223/pf0000259254
https://www.unido.org/sites/default/files/2010-12/Resource_productivity_Climate_Action_0.pdf
https://www.unido.org/sites/default/files/2010-12/Resource_productivity_Climate_Action_0.pdf
https://www.preventionweb.net/english/hyogo/gar/2015/en/gar-pdf/GAR2015_EN.pdf
https://www.preventionweb.net/english/hyogo/gar/2015/en/gar-pdf/GAR2015_EN.pdf
https://wedocs.unep.org/bitstream/handle/20.500.11822/9279/-SIDS%20in%20numbers-2013SIDS_IN_NUMBERS_121813_FA_WEB.pdf
https://wedocs.unep.org/bitstream/handle/20.500.11822/9279/-SIDS%20in%20numbers-2013SIDS_IN_NUMBERS_121813_FA_WEB.pdf
https://www.unwater.org/sites/default/files/app/uploads/2017/05/TFIMR_Annex_FinalReport.pdf
https://www.unwater.org/sites/default/files/app/uploads/2017/05/TFIMR_Annex_FinalReport.pdf
https://www.e-unwto.org/doi/epdf/10.18111/9789284416875
https://www.e-unwto.org/doi/epdf/10.18111/9789284416875
https://www.researchgate.net/publication/332081887_Nexus_interventions_for_small_tropical_islands_case_study_Bonaire_compilation_of_fact_sheets_1_to_8
https://www.researchgate.net/publication/332081887_Nexus_interventions_for_small_tropical_islands_case_study_Bonaire_compilation_of_fact_sheets_1_to_8
https://en.populationdata.net/rankings/hdi/americas/
https://doi.org/10.14738/aivp.83.8720
https://news.mongabay.com/2021/02/as-bahamas-offshore-project-falls-flat-oil-driller-island-hops-across-caribbean/
https://news.mongabay.com/2021/02/as-bahamas-offshore-project-falls-flat-oil-driller-island-hops-across-caribbean/
https://doi.org/10.1016/j.jenvman.2014.01.054
https://webaruba.com/energy-production/loss-load-expectation
https://publications.iadb.org/publications/english/document/Impact-of-Regulation-on-the-Quality-of-Electric-Power-Distribution-Services-in-Latin-America-and-the-Caribbean.pdf
https://publications.iadb.org/publications/english/document/Impact-of-Regulation-on-the-Quality-of-Electric-Power-Distribution-Services-in-Latin-America-and-the-Caribbean.pdf
https://publications.iadb.org/publications/english/document/Impact-of-Regulation-on-the-Quality-of-Electric-Power-Distribution-Services-in-Latin-America-and-the-Caribbean.pdf
https://www.wfp.org/news/sharp-rise-food-insecurity-caribbean-survey-finds
https://www.wfp.org/news/sharp-rise-food-insecurity-caribbean-survey-finds
https://www.who.int/data/gho/indicator-metadata-registry/imr-details/158
https://www.who.int/data/gho/indicator-metadata-registry/imr-details/158
https://www.frontiersin.org/journals/climate
https://www.frontiersin.org


Martin del Campo et al. 10.3389/fclim.2023.1085740

WHO (2022b). Proportion of population with primary reliance on clean fuels and
technologies for cooking (%), World Health Organization. Available online at: https://
www.who.int/data/gho/data/indicators/indicator-details/GHO/gho-phe-primary-
reliance-on-clean-fuels-and-technologies-proportion (Accessed October 16, 2022).

WHO and UNICEF (2021). Progress on household drinking water, sanitation and
hygiene 2000-2020: five years into the SDGs. Geneva: World Health Organization
(WHO) and the United Nations Children’s Fund (UNICEF) (Licence: CC BY-NC-SA
3.0 IGO). Available online at: https://apps.who.int/iris/handle/10665/345081 (accessed
September 12, 2022).

Winters, Z. S., Crisman, T. L., and Dumke, D. T. (2022). Sustainability of theWater-
Energy-Food Nexus in Caribbean Small Island Developing States. Water 14, 322.
doi: 10.3390/w14030322

Worldometer (2022). GDP per Capita. Available online at: https://
www.worldometers.info/gdp/gdp-per-capita/ (accessed September
6, 2022).

WTTC (2022). Travel and Tourism in the Caribbean -
Prospects for growth. World Travel and Tourism Council.
Available online at: https://wttc.org/Portals/0/Documents/Reports/
2022/Travel-and-tourism-in-the-caribbean.pdf (accessed September
21, 2022).

Zhang, W., Villarini, G., Vecchi, G. A., and Smith, J. A. (2018).
Urbanization exacerbated the rainfall and flooding caused by hurricane
Harvey in Houston. Nature 563, 384–388. doi: 10.1038/s41586-018-
0676-z

Frontiers inClimate 23 frontiersin.org

https://doi.org/10.3389/fclim.2023.1085740
https://www.who.int/data/gho/data/indicators/indicator-details/GHO/gho-phe-primary-reliance-on-clean-fuels-and-technologies-proportion
https://www.who.int/data/gho/data/indicators/indicator-details/GHO/gho-phe-primary-reliance-on-clean-fuels-and-technologies-proportion
https://www.who.int/data/gho/data/indicators/indicator-details/GHO/gho-phe-primary-reliance-on-clean-fuels-and-technologies-proportion
https://apps.who.int/iris/handle/10665/345081
https://doi.org/10.3390/w14030322
https://www.worldometers.info/gdp/gdp-per-capita/
https://www.worldometers.info/gdp/gdp-per-capita/
https://wttc.org/Portals/0/Documents/Reports/2022/Travel-and-tourism-in-the-caribbean.pdf
https://wttc.org/Portals/0/Documents/Reports/2022/Travel-and-tourism-in-the-caribbean.pdf
https://doi.org/10.1038/s41586-018-0676-z
https://www.frontiersin.org/journals/climate
https://www.frontiersin.org

	The resource (in)sufficiency of the Caribbean: analyzing socio-metabolic risks (SMR) of water, energy, and food
	1. Introduction
	2. Brief overview of the emergence and current state of the water-energy-food nexus
	3. Methods
	3.1. Features considered for the WEF-nexus and the operationalization of socio-metabolic risks
	3.1.1. Water
	3.1.2. Energy
	3.1.3. Food


	4. Results
	4.1. Water performance
	4.2. Energy performance
	4.3. Food performance

	5. Discussion
	5.1. Water and socio-metabolic risks
	5.2. Energy and socio-metabolic risks
	5.3. Food and socio-metabolic risks

	6. Conclusions
	Data availability statement
	Author contributions
	Funding
	Conflict of interest
	Publisher's note
	Supplementary material
	References


