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Executive Summary 

The University of the Virgin Islands (UVI), in collaboration with the Virgin Islands Territorial 

Emergency Management Agency (VITEMA), is leading a multi-year effort to update the 

TerritoryΩǎ IŀȊŀǊŘ aƛǘƛƎŀǘƛƻƴ tƭŀƴΦ The updated and adopted USVI Territorial Hazard Mitigation 

Plan  (Plan) will result in a set of recommendations to identify and integrate principles and 

elements of resilience, sustainability, and climate adaptation planning for the U.S. Virgin Islands 

(USVI). With formal adoption of the Plan, financial support through the Federal Emergency 

Management Agency (FEMA) for the ¦{±LΩǎ hazard mitigation efforts can be applied. FEMA's 

Disaster Mitigation Act requires that State Mitigation Plans be updated and submitted to FEMA 

for approval every 5 years to maintain eligibility for non-emergency assistance. However, in 

addition to meeting the terms of FEM!Ωǎ ǊŜǉǳƛǊŜƳŜƴǘǎ for the Plan, the goal is to provide a 

consistent and Territory-wide approach to assessing hazards and risks through technical 

analyses and community engagement. These assessments, in partnership with stakeholders, 

are part of the planning process and provide the basis for a comprehensive evaluation of the 

TerritoryΩǎ ǎǘŀǘǳǎ ƛƴ ǘŜǊƳǎ ƻŦ ǊŜǎƛƭƛŜƴŎŜ (HMRP, 2020).   

Following the adoption of the Plan, hazard mitigation and resilience activities and efforts will 

build momentum, projects will be identified for funding, and decisions will be made to advance 

the goals set out in the Plan, both in the short and long term. These activities include continued 

post-hurricane development and rebuilding of the USVI, which will alter the natural and built 

ŜƴǾƛǊƻƴƳŜƴǘǎΣ ǘƘŜ ƛǎƭŀƴŘǎΩ ǎƻŎƛŀƭ ǎȅǎǘŜƳǎΣ ŀƴŘ ǳƭǘƛƳŀǘŜƭȅΣ ǘƘŜ ǿŜƭƭōŜƛƴƎ ƻŦ ¦{±L ǊŜǎƛŘŜƴǘǎΦ The 

main objective of the Planning team is to evaluate how risks are interlinked with social, 

economic, cultural, and ecological factors (HMRP, 2020). With particular focus on the ecological 

factors coupled with human wellbeing in the USVI, the results of the activities reported within 

this document aim to inform that objective.  

Specifically for this project, an ecosystem services assessment was conducted to better 

understand the human wellbeing benefits gained from the natural environment of the USVI as 

it pertains to hazard mitigation and resilience. Resilience and hazard mitigation are terms that 

are often interpreted in multiple ways. For the purposes of this assessment, resilience refers to 

the ability to prepare for and adapt to changing conditions and to withstand and recover rapidly 

from disruptions. Hazard mitigation is defined as the process of taking measures to minimize 

and potentially eliminate the impact of hazard events on human life and property. Additionally, 

ecosystem service assessments can be conducted with various methodologies depending on 

location and local stakeholder needs. For this assessment, subject matter experts were 

consulted, and communities participated in a series of workshops to discuss natural resource 

management and hazard mitigation scenarios within the context of a resilient and sustainable 

future. Select components of the άrƛŘƎŜ ǘƻ ǊŜŜŦέ ƛǎƭŀƴŘ ŜŎƻǎȅǎǘŜƳ were characterized, along 

with inferred changes in provision of ecosystem services.  

https://www.usviodr.com/wp-content/uploads/2019/09/2019-Territorial-Hazard-Mitigation-Plan_Revisions_29May2020-6.12.20.pdf
https://www.usviodr.com/wp-content/uploads/2019/09/2019-Territorial-Hazard-Mitigation-Plan_Revisions_29May2020-6.12.20.pdf
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An overall profile of forests, ghuts, farmland, wetlands, and coral reefs reveals that with the 

loss ς and change in quality ς of these key ecosystem components, comes loss in the services 

they have traditionally provided to residents of the USVI. Key findings include: 

¶ The services wetlands provide (especially mangroves) will continue to degrade without 

intervention, and their extent will continue to be threatened by future development. 

¶ Urban development in areas designated as prime farmland has increased by over 400% 

from 1985-2018, reducing the amount of farm-able land, and impacting food security. 

¶ Despite anthropogenic stressors and poor local management practices that reduce the 

mitigation services provided by ghuts, some ghuts can retain many of their ecological 

functions and interactions.  

¶ Significant decreases in forest cover combined with development and spread of invasive 

species have decreased the extent and quality of local forests, and by extension, some 

of the services they provide.  

¶ Both shallow and mesophotic reefs are under severe threat from multiple stressors 

(ocean warming, storms, disease, pollution, etc.) and it is likely that the ecological 

services that coral reefs provide will decrease if impacts continue to contribute to future 

coral die-offs and overall coral decline.  

Despite significant changes to ecosystems and ecosystem services over time, results of this 

project include suggestions for a path toward resilience: 

¶ Island communities, or community liaisons, must be engaged as leads or co-leads from 

the beginning of hazard mitigation and resilience project or program planning and 

continue leading throughout the planning, implementation, and evaluation process.   

¶ Decision-makers ǎƘƻǳƭŘ ǳǎŜ ǘƘŜ ƭƻŎŀƭ ŎƻƳƳǳƴƛǘȅΩǎ ŦŜŜŘōŀŎƪ ǘƻ ƛŘŜƴǘƛŦȅ ǿŜƭƭōŜƛƴƎ 

outcomes that are important to the community, as well as in identifying priority 

ecosystem components and mitigation activities.  

¶ Decision-makers can intentionally target human health outcomes as a starting point in 

hazard mitigation and resilience planning. 

¶ Decision-makers should invest in hazard mitigation activities that will most likely benefit 

multiple habitats and that influence wellbeing outcomes important to many people (e.g. 

human health).  

¶ Consistent, well-planned long-term monitoring of paired terrestrial and marine 

ecosystems is necessary to gain a clear picture of how the whole ridge to reef ecosystem 

changes over time.  

¶ More local socio-ecological systems research is needed to connect ridge to reef 

ecosystem changes to human wellbeing outcomes.  

¶ Developing a human wellbeing monitoring protocol that captures physical, mental, 

economic, and other health metrics in tandem with natural resource metrics would 

allow for a more holistic assessment of resilience, consistently over time. 
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1. Introduction 

The natural environment provides a multitude of benefits to people. For example, healthy, 

functioning ecosystems offer provisioning services, or the provision of natural resources and 

raw materials, like food and water. Ecosystems also offer regulating services, or the 

maintenance of essential ecological processes and life support systems for human wellbeing 

such as flood and disease control. Additionally, cultural services that enhance emotional, 

psychological, and cognitive wellbeing are derived from ecosystems, as are supportive services 

that maintain the conditions for life on Earth, such as photosynthesis. These benefits we receive 

are known collectively as ecosystem services and underpin human quality of life (Table 1; 

Millennium Ecosystem Assessment, 2005).  

 
Table 1. The four types of Ecosystem Services. For full list of ecosystem service types and examples, see 

Appendix 1. (Adapted from Harte Research Institute, 2020.)  

Provisioning Regulating  

Fresh water Air quality regulation  

Food (e.g. fruit/vegetable crops, fish, etc.) Climate regulation  

Raw materials (e.g. plant fibers, oils, lumber, dyes, etc.) Water regulation (run-off, flooding, etc.)  

Genetic resources (e.g. genes for biotechnology)  Natural hazard regulation (e.g. storm protection)  

Medicinal resources, pharmaceuticals  Pest regulation  

Ornamental resources (e.g. shells, flowers, feathers) Disease regulation  

  Erosion regulation  

  Water purification and waste treatment  

Cultural Supportive  

Cultural heritage Soil formation 

Recreation Primary production 

Tourism Nutrient cycling 

Aesthetic value Gas sequestration, storage, and production 

Spiritual and religious value Water cycle 

Inspiration of art, folklore, architecture, etc. Photosynthesis  

Social relations Habitat 

Science and education Pollination and seed dispersal 

 

 

People derive benefits from the natural environment whether they intentionally use the 

environment or not; these values are known as use values or non-use values, respectively. Use 

values include provisioning, regulating, cultural, and supportive services (Table 1). Non-use 

values (more appropriately known as passive values) include bequest value, which is value 

people place on knowing that future generations will have the option of using an ecosystem 

good or service, as well as existence value, the value people place on knowing that a certain 
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ecosystem good or service exists. Additionally, option value is value people place on knowing 

that they have the option of using or benefiting from a certain ecosystem service or good at 

some point in the future (Harte Research Institute, 2020). 

 

Ecosystem services help frame the way that we assess the impacts and consequences of our 

interactions with the natural environment. These services also influence how we choose to 

manage the natural environment as well as the many human activities taking place within the 

natural environment. In order to identify management options (e.g. to preserve, conserve, or 

develop an area) the natural environment needs to be integrated into the decision-making 

process.  In doing so, managers and community members can work together to identify 

management options that maximize public benefit and minimize risks associated with excluding 

ecosystem services from the management decision. Decisions are incomplete and inefficient if 

they do not include all benefits and costs, including those from the environment. 

 

An ecosystem services assessment is the first step toward incorporating ecosystem services into 

the decision-making process. It is an evaluation of the condition of a local ecosystem, the 

potential supply of services, and their relation to human wellbeing. The assessment is a 

mechanism for delineating the value people ς in this case USVI residents ς place on their 

environment. This enables a process to determine which service or set of services is valued by 

people and how to develop approaches to maintain those services by managing the natural and 

human built systems sustainably.  

 

In the short-term, ecosystem service assessments can guide community leaders and decision-

makers as activities that will alter the ecosystem are selected, and over the long-term, will 

allow communities to adapt and align projects as progress is made. Importantly, the 

assessment process, as well as its results, not only helps people understand the connections 

between environmental wellbeing and human wellbeing (Figure 1), but helps them make 

informed decisions about how, where, and when they might make changes to the natural and 

human built environments over time. 

 

It is well documented that climate change combined with changing land use practices in the 

¦{±L ƘŀǾŜ ŀƭǘŜǊŜŘ ǘƘŜ ōƛƻǇƘȅǎƛŎŀƭ ŦǳƴŎǘƛƻƴƛƴƎ ƻŦ ǘƘŜ άǊƛŘƎŜ ǘƻ ǊŜŜŦέ ŜŎƻǎȅǎǘŜƳ όǘƘŜ integrated 

land and seascape) (Virgin Islands EPSCoR, 2021). However, it is not as well documented how 

these changes in the ecosystem have been altering the wellbeing benefits humans receive from 

diverse ecosystems. Before further development occurs, and as hazard mitigation activities are 

identified for funding, the current interdependence between the ridge to reef environment and 

islander wellbeing needs to be clarified for informed decision making in the Territory. To realize 

the goals of a resilient and sustainable future, island residents need to identify and prioritize 

habitats that can realistically provide hazard mitigation services to them now and in the future. 
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Figure 1. Understanding the linkages between natural habitats of the USVI and the wellbeing of island 

residents can help guide decision-making related to hazard mitigation and disaster preparedness. 

(Infographic adapted from Millennium Ecosystem Assessment definition and Harte Research Institute.) 

 

1.1 Methods 

1.1.1 Literature review 

A literature review was conducted with focus on hazard mitigation services and resilience 

associated with the USVI ridge to reef ecosystem. The review included relevant peer-reviewed 

academic literature and government or institutional reports related to human use of and 

reliance on island ecosystems and ways those ecosystems, services, and benefits have changed 

over time. While the USVI Territory was the primary area of interest, literature about 

ecosystem services relevant to other Caribbean islands and regions was also collected, as 

appropriate. This literature review, paired with subject matter expert feedback (below), created 

a foundational understanding of previous research into ecosystem services focused on the 

USVI, helped identify components of the ridge to reef ecosystem that support resilience and 

offer hazard mitigation services, and identified information gaps.  
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1.1.2 Subject matter expert discussions  

Local knowledge from subject matter experts regarding the current state of the USVI ridge to 

reef ecosystem was collected through an online discussion process during the months of March 

through May 2021.  Open-ended questions for discussion were designed by the project team 

ahead of time and conversations were conducted using the online Microsoft Teams© video-

conferencing platform to solicit feedback in an open discussion format. Discussion questions 

are available in Appendix 2. Based on initial recommendations from the Hazard Mitigation and 

Resilience Plan partners and using a snowball sampling method (also known as chain sampling, 

where existing subjects suggest names of other subjects to contact), 40 individuals considered 

to have local expertise or knowledge pertaining to ecosystems across the entire Territory were 

emailed an invitation letter to contribute their knowledge.  Of the 40 invited, 16 responded and 

provided input. Each discussion lasted approximately one hour, and with permission from 

participating experts, all responses were documented by a note-taker while another teammate 

facilitated the conversation. Through this process, experts identified components of the ridge 

to reef ecosystem ς such as habitats and species ς that have value for hazard mitigation 

services or support resilience and suggested potential indicators for resilience. Experts also 

commented on ways communities that are reliant on ecosystem services can be engaged in 

developing mitigation strategies and decisions. Responses were used to direct research into 

natural resources with hazard mitigation and resilience value in the USVI, to create ridge to reef 

natural resource profiles, and to inform the development of community workshops. Subject 

matter expert feedback was de-identified to protect anonymity and confidentiality, and 

summarized using MAXQDA©, a software program for qualitative and mixed methods research. 

Summaries of feedback are provided in the Results section. 

1.1.3. Ridge to reef profiles 

To provide an overall profile of natural resources in the Territory, the extent of select 
ecosystem components and land use was characterized with a focus on indicators of ecosystem 
health and function that are tied to resilience. To characterize how change in land cover and 
inferred land use patterns have impacted the provision of ecosystem services, and identify 
areas with potential for local, targeted management, with the aim of the sustainable use of the 
TerritoryΩǎ ƴŀǘǳǊŀƭ ǊŜǎƻǳǊŎŜǎΣ ƳŀǇǎ ǿŜǊŜ created using the most recent and available natural 
resource or land use extent data for select ridge to reef ecosystem components of the three 
main USVI islands. Additionally, select components are described, including extent, condition, 
associated ecosystem services, and the relation of the identified habitat or land use to human 
wellbeing. This enabled general quantification of human wellbeing benefits that USVI residents 
currently gain or do not gain from the natural environment as it pertains to hazard mitigation 
and resilience. The profiles are included in the Results section. 
 
The selection of the profiles characterized in this report ς forests, ghuts, wetlands, coral reefs, 
and farmland ς was based on subject matter expert feedback, literature review results, and 
data availability. It is important to note that the ridge to reef ecosystem in the USVI is not 



9 
 

limited to only those four habitat types and land use is not limited to farms; there are many 
other habitat types such as rocky beaches, sandy beaches, seagrass beds, shallow coral reef, 
mesophotic reef, shrublands, grasslands, etc. Likewise, there are additional land uses such as 
pastureland, developed or built environment, and conservation and preservation areas that are 
critical to making decisions about long-term sustainability. For the purposes of this assessment, 
the selected ecosystem components (habitats and land use) were identified by subject matter 
experts as important to resilience in terms of ecosystem function and hazard mitigation (see 
Results section for expert feedback summaries). Additionally, focus on this set of habitats and 
land use enabled efficient use of time in conducting a Relative Ratings (ranking) analysis with 
USVI workshop participants as described in the following section.  
 

1.1.4. Community workshops 

In partnership with the Hazard Mitigation and Resilience Plan team, three separate and island-
specific workshops were planned and co-hosted for the communities of St. Thomas, St. John, 
and St. Croix in July 2021. The goals for the workshops were to: 
 

1) Identify ways that the communities that are reliant on ecosystem services (e.g, farmers, 
fishers, ecotourism businesses, dive shops, recreational boating industry, etc.) can be 
engaged in developing mitigation strategies and decisions.  

2) Identify ways in which the Territory can strengthen the underlying positive factors and 
enhance the resilience of the US±LΩǎ ŜŎƻǎȅǎǘŜƳ ǎŜǊǾƛŎŜǎ ŦƻǊ ǘƘŜ TerritoryΩǎ ōŜƴŜŦƛǘΦ 

3) Conduct a trade-off analysis on ecosystem service provision given land use changes - 
using one or two specific sites that local stakeholders and the project team identify as 
priority - to present various development and management options within the 
framework of a resilient and sustainable future. 

 

Initially, these workshops were planned to include in-person, full-day interactions with 

volunteer participants from each island community. However, due to complications resulting 

from the Covid-19 pandemic, and in the interest of maintaining the safety of participants, the 

planned in-person workshops were not feasible. All workshops were reduced to half-day and 

re-formatted for a virtual experience using the Zoom© video-conferencing platform, and also 

shared live ǘƘǊƻǳƎƘ ¦{±L IŀȊŀǊŘ aƛǘƛƎŀǘƛƻƴ tƭŀƴΩǎ CŀŎŜōƻƻƪ ŀŎŎƻǳƴǘ. These changes had 

implications for the above-mentioned objectives. In particular, the methodology for the trade-

off analysis was initially planned to include a Stated Preference approach.  This approach is a 

market research technique that allows researchers to understand how consumers value 

different ecosystem products and/or services. It involves asking consumers to rate, rank, or 

how much they would be willing to pay or accept for a certain ecosystem good or service. The 

choices made by consumers help determine how they value a certain product or service. 

Examples of this technique include contingent valuation, conjoint analysis, and choice 

experiment (Harte Research Institute, 2020). This method typically involves full-day workshops 

where participants work together in groups, interacting with physical props (items representing 
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money, tokens, or other units of value) with guidance from facilitators. This method is not 

easily transferrable to a virtual platform, so the project team adapted two different approaches 

that were more conducive to the web-based format:  The Relative Ratings approach, and the 

Ecosystem Service Logic Model Framework.  

With the Relative Ratings method, individuals rate natural resources as a means of estimating 

value. For example, if a wetland provides erosion control and erosion control is highly valued, 

then the individual would rate the wetland with a 5, which would represent the highest level of 

relative importance (Harte Research Institute, 2020). Additionally, the Ecosystem Service Logic 

Model Framework (Figures 2 and 3) represents the way a management action (such as a hazard 

mitigation project) cascades through an ecological system and results in ecosystem services and 

human wellbeing impacts.  

In these logic models, a management action is linked to multiple changes in the biophysical and 

ŜŎƻƭƻƎƛŎŀƭ ŜƴǾƛǊƻƴƳŜƴǘΣ ƻǊ ƛƴ ƳƻŘŜƭ ǘŜǊƳǎΣ ǘƘŜ άƛƴǘŜǊƳŜŘƛŀǘŜ ŎƻƳǇƻƴŜƴǘsέ όsee gray box in 

Figure 2). This change ς wƘŜǘƘŜǊ ƛǘ ƛǎ ƛƴŎǊŜŀǎŜŘΣ ŘŜŎǊŜŀǎŜŘΣ ƻǊ ǎǘŀȅǎ ǘƘŜ ǎŀƳŜ ƛǎƴΩǘ ƛƳƳŜŘƛŀǘŜƭȅ 

important ς is only depicted in the logic model if it has been tested or vetted in the scientific 

literature. These science-based linkages are depicted with arrows in the model.  Additionally, 

the intermediate components in the model are then linked to changes in human activity, 

depicted in the model as light blue boxes. These changes in human activity then influence 

human wellbeing or socio-economic outcomes, such as economic activity, mental health, or 

socio-cultural shifts (GEMS, nd.).  Logic models are a useful tool to compare actions across 

locations to match likely outcomes with stakeholder goals. Evidence that accompanies these 

models can be used to clarify uncertainties that need to be considered and to identify critical 

research gaps. If standardized, these models can provide a consistent platform for planning, 

management, or hazard mitigation approaches and help increase monitoring efficiency (GEMS, 

n.d.). 

 

Figure 2. The basic components of an Ecosystem Services Logic Model. (Adapted from GEMS, n.d.) 
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Through research and application, it is known that some outcomes of mitigation activities, such 

as habitat restoration or water quality infrastructure improvements, can be associated with 

community resilience. Resilience refers to the ability to prepare for and adapt to changing 

conditions and to withstand and recover rapidly from disruptions. These disruptions can include 

hurricanes, sea-level rise, flooding, drought, earthquakes, disease and other natural and 

manmade threats and issues common in the Caribbean region. A community can be resilient in 

diverse ways, but in general includes economic, structural, social, and cultural resilience. Some 

factors of resilience have been found to correspond with many of the outcomes linked to 

hazard mitigation actions, particularly restoration (Table 2; GEMS, n.d.). These outcomes do not 

capture all aspects of community resilience but can be used as targets when planning, 

implementing, and monitoring hazard mitigation projects, or other resilience activities, in the 

USVI. 

Thus, for each island workshop, Ecosystem Services Logic Models (ESLMs) were used to 

illustrate the complex connections between making changes in the ridge to reef ecosystem and 

human wellbeing outcomes of those changes. The project team designed case study scenarios 

for each island workshop, using simplified logic chains (pulled from fully developed models) to 

walk through hypothetical, but applicable and realistic, examples of management actions within 

specific locations that islanders are familiar with, and that experts recommended. For St. 

Thomas, two scenarios were presented: mangrove restoration in Magens Bay (Figure 4), and 

drought management techniques in the Bordeaux area. Logic models were presented, and 

human wellbeing outcomes of these management actions were identified. Likewise, for the St. 

John workshop, participants were presented with building and restoring trails and boardwalks 

(Figure 5), as well as native forest restoration, as management options in the Coral Bay area. 

For the St. Croix workshop, salt pond restoration for the Great Pond location was presented 

(Figure 6), as was coral reef restoration for the Cane Bay area.  

Using the Mentimeter© interactive polling device, facilitators applied the Relative Ratings 

approach to solicit feedback from participants regarding what components of the ecosystem 

they value, what types of hazard mitigation and natural resource management activities they 

deem important, and what human wellbeing outcomes they think decision-makers should 

prioritize for their island.  Finally, Mentimeter© was also used to gather insights from 

participants about obstacles in and solutions for engaging communities in decisions that affect 

ecosystems as well as their own wellbeing. All workshop feedback is summarized in the Results 

section and synthesized for the trade-off analysis in the Discussion section. The three 

workshops were held on July 6th, 7th, and 9th, 2021, respectively; see Appendix 3 for each 

ǿƻǊƪǎƘƻǇ ŀƎŜƴŘŀΦ ±ƛǎƛǘ ǘƘŜ ¦{±L IŀȊŀǊŘ aƛǘƛƎŀǘƛƻƴ ŀƴŘ wŜǎƛƭƛŜƴŎŜ tƭŀƴ ǘŜŀƳΩǎ ¸ƻǳ¢ǳōŜΦŎƻƳ 

ŎƘŀƴƴŜƭ άwŜǎƛƭƛŜƴǘ±Lέ ǘƻ ǾƛŜǿ ŜŀŎƘ ƻŦ ǘƘŜ ǊŜŎƻǊŘŜŘ ǿƻǊƪǎƘƻǇ ǎŜǎǎƛƻƴǎ όƻǊ ŎƭƛŎƪ ƘŜǊŜ ŘƛǊŜŎǘƭȅ ŦƻǊ 

St. Thomas, St. John and St. Croix). 

 

 

https://www.youtube.com/watch?v=g0kknRlxp0o
https://www.youtube.com/watch?v=K-Znb8V0URA
https://www.youtube.com/watch?v=TfMbhGmxFz4
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Table 2. Socio-economic outcomes associated with resilience. This list is specific to restoration projects, 

and the outcomes do not fully capture all aspects of resilience. These outcomes can be used as targets 

when planning, implementing, and monitoring hazard mitigation projects, or other resilience activities, 

in the USVI. (Adapted from GEMS, n.d.) 

Socio-economic outcome  Resilience relevance 

Economic activity Increased economic activity in a particular community through jobs, labor, and 
income allow that community to be more resilient to external shocks that harm the 
economy. 

Jobs When people in the community are employed, they enjoy greater levels of 
economic resilience and respond better to unexpected shocks. Also, diverse job 
markets are known to be more resilient because the community does not depend 
on one industry. 

Costs Damage to property is a direct reflection of structural resilience, and repair costs 
ŦƻǊ ǇǊƻǇŜǊǘȅ ŘŀƳŀƎŜ ǎƛƳƛƭŀǊƭȅ ƭƛƴƪ ǘƻ ǘƘŜ ǇǊƻǇŜǊǘȅ ƻǿƴŜǊΩǎ ŜŎƻƴƻƳƛŎ ǊŜǎƛƭƛŜƴŎŜΦ 

Expenditures Increased spending at businesses in a particular community allow that community 
to be more resilient to external shocks. If spending takes place at businesses 
outside of the target community, then this may not affect local resilience. 

Property protection from 
flooding or erosion 

The ability for shoreline property to withstand external stressors like flooding and 
erosion represents a facet of structural resilience. 

Human health /ƻƳƳǳƴƛǘȅ ƳŜƳōŜǊǎΩ ƘŜŀƭǘƘ ŀƴŘ ŀǎǎƻŎƛŀǘŜŘ ŎŀǇŀōƛƭƛǘƛŜǎ ŀǊŜ ŜǎǎŜƴǘƛŀƭ ǘƻ ǊŜǎƛƭƛŜƴŎŜΤ 
a healthy community is better able to respond to and cope with external shocks.  

Cultural values  When community members gain increased knowledge and understanding of their 
environment in the context of threats to resilience, this can help spur increased 
public support for future similar restoration projects that would add to resilience. 
Strengthened (or maintained) cultural values can be linked to community ties and 
increased social capital, which in turn lead to increased social resilience. 

Property value  LƴŎǊŜŀǎŜǎ ƛƴ ǇǊƻǇŜǊǘȅ ǾŀƭǳŜ Ŏŀƴ ōŜ ƭƛƴƪŜŘ ǘƻ ŀƴ ƛƴŘƛǾƛŘǳŀƭ ƘƻǳǎŜƘƻƭŘΩǎ ŜŎƻƴƻƳƛŎ 
ǊŜǎƛƭƛŜƴŎŜΣ ŀƴŘ ŀǘ ŀ ƭŀǊƎŜǊ ǎŎŀƭŜ ƛƴŎǊŜŀǎŜǎ ƛƴ ŀ ŎƻƳƳǳƴƛǘȅΩǎ ǇǊƻǇŜǊǘȅ ǾŀƭǳŜǎ όǿƘƛŎƘ 
can lead to a larger tax base) can be linked to economic resilience at the 
community level. 

Social disruption Critical facilities (e.g. hospitals, schools, government buildings) are important for a 
ŎƻƳƳǳƴƛǘȅΩǎ ŀōƛƭƛǘȅ ǘƻ ǊŜǎǇƻƴŘ ǘƻ ƘŀȊŀǊŘƻǳǎ ŜǾŜƴǘǎΣ ǘƘŜǊŜŦƻǊŜ ŎƘŀƴƎŜǎ ƛƴ ǘƘŜƛǊ 
ŎƭƻǎǳǊŜ ǊŀǘŜ ƛƳǇŀŎǘ ŀ ŎƻƳƳǳƴƛǘȅΩǎ ǊŜǎƛƭƛŜƴŎŜΦ 
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Figure 3. A fully developed Ecosystem Services Logic Model representing the outcomes from the management action of mangrove restoration 

(dark blue box). Key pathways to strongly linked socioeconomic outcomes (yellow boxes) are indicated with bold arrows as well as with bold 

outlines around the intermediate components (gray boxes) and human activity outcomes (light blue boxes). Solid arrows indicate long-term 

effects and dashed arrows indicate short-term effects. The faded-out yellow box indicates weakly linked socioeconomic outcomes, whereas non-

faded or bold yellow boxes indicate strongly linked outcomes. (GEMS, n.d.) 
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Figure 4. For the Magens Bay scenario, a simple logic chain was built for the St. Thomas workshop participants showing some of the human 

wellbeing outcomes of restoring mangroves in Magens Bay. (GEMS, n.d.) 
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Figure 5. For the Coral Bay scenario, a simple logic chain was built for the St. John workshop participants showing some of the human wellbeing 

outcomes of building new or restoring existing trails and boardwalks in the Coral Bay area. (GEMS, n.d.) 

 

 

Figure 6. For the Great Pond Bay scenario, a simple logic chain was built for the St. Croix workshop participants showing some of the human 

wellbeing outcomes of salt pond restoration in Great Pond. (GEMS, n.d.) 
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2. Results  

 

2.1 Subject matter expert feedback summaries 

Discussions with subject matter experts were initiated with a set of pre-determined, open-

ended questions, yet the conversations were not bound to only those questions. Feedback 

collected from experts was used to direct research and workshop development.  The input from 

those conversations was noted consistently across the 16 discussions with experts, where the 

notetaker documented responses to each question asked (see Appendix 2 for questions). A 

project team member sorted and coded segments of the conversations, to identify the 

following: 

¶ Key themes related to ecosystems, hazard mitigation, and resilience 

¶ Components of the ridge to reef ecosystem with hazard mitigation and resilience value 

¶ Potential indicators of resilience 

¶ Community engagement challenges, solutions, and ideas 

Table 3 provides a summary of the key themes as well as how frequently the themes appeared 

in the discussion notes. The most common theme revolved around issues and threats, for 

example these could include issues and threats related to management and policy, human use 

of natural resources, natural hazards, ecosystems or parts of ecosystems, socio-cultural and 

economic issues, and communications.  For a breakdown of the common issues and threats 

mentioned by experts, see Table 4, along with select coded segments as examples. 

!ŘŘƛǘƛƻƴŀƭƭȅΣ ǘƘŜ άƛǎǎǳŜǎ ŀƴŘ ǘƘǊŜŀǘǎέ ǎŜƎƳŜƴǘǎ ƻŦ ŎƻƴǾŜǊǎŀǘƛƻƴǎ ǿŜǊŜ ŦǳǊǘƘŜǊ analyzed to 

understand what specific habitats and land uses were mentioned in association with those 

issues and threats (Table 5). /ƻƳƳŜƴǘŀǊȅ ǊŜƎŀǊŘƛƴƎ άŘŜǾŜƭƻǇƳŜƴǘέ ǿŀǎ ǘƘŜ Ƴƻǎǘ ŦǊŜǉǳŜƴǘ 

issue that emerged in conversations. Within the context of issues and threats, the habitats (or 

natural resources) and/or land uses experts most frequently discussed were wetlands, forests, 

and coral reefs. Ghuts and whole watersheds, fresh water, harvest/fishing/farming, were also 

mentioned. Beaches and paved surfaces were mentioned as well, but did not emerge as 

frequently in conversation.  

Similarly, all conversations were analyzed for mention of habitats, components of the 

ecosystem, or land uses that provide human wellbeing benefits or with hazard mitigation and 

resilience value (Table 6). In addition to broad discussion about ecosystem services and benefits 

that people derive from the environment in general, the idea that the whole watershed (or 

ridge to reef ecosystem) provides a multitude of benefits to people surfaced as a frequent 

consideration; some experts felt strongly that the entire ridge to reef ecosystem, in its natural 

state is most beneficial in terms of successfully mitigating disaster and supporting resilience. 

Additionally, experts frequently mentioned that islanders benefit from specific components of 

the ecosystem that relate to food, coded in Table 6 as, άHarvest/fishery/farmlandέΦ  hǘƘŜǊ 

habitats, components of the ecosystem, and land uses repeatedly mentioned by subject matter 
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experts as providing human wellbeing benefits or with hazard mitigation and resilience value 

were forests, mangroves, the marine ecosystem, and coral, in addition to others mentioned less 

frequently. 

To gain an understanding of potential indicators of resilience, experts were askedΣ άHow do we 

know when the island ecosystems (or natural habitats) have changed? What are the indicators 

(signs)?έ  ¢ƘŜ most frequent idea expressed was related to change in biodiversity and species 

(Table 7). In other words, experts felt that in general, monitoring biodiversity and species 

change (e.g. changes in species population numbers, changes in species richness) in the ridge to 

reef ecosystem will allow for resilience signals to be perceived. Experts also had more specific 

ideas; birds, coral health, native vs. non-native species, fish and fisheries, and prevalence of 

droughts and floods were mentioned the most often as key indicators of resilience (Table 7). 

Experts were also asked to comment on community engagement in the USVI. Specifically, they 

ǿŜǊŜ ŀǎƪŜŘΣ άAre communities involved in decisions concerning the USVI ecosystem (or natural 

habitats)? How so? If not, how can they be?έ ¢ƘŜ Ƴƻǎǘ Ŏommon idea expressed in response to 

ǘƘƛǎ ǎŜǘ ƻŦ ǉǳŜǎǘƛƻƴǎ ǿŀǎ ŎƻŘŜŘ ŀǎ ά!ǘǘƛǘǳŘŜǎΣ ǇŜǊŎŜǇǘƛƻƴΣ ŀƴŘκƻǊ ōŜƘŀǾƛƻǊέ. For example, one 

respondent described how there was little concern for terrestrial biodiversity in USVI or other 

smaller Caribbean islands and that typically terrestrial biodiversity is more important in the 

geographically larger islands. As a result, this respondent expressed that we are losing άhuge 

benefitsέ when we place value on terrestrial biodiversity, and the need to change perception of 

this in the USVI. Additionally, communication was mentioned often, and usually within a 

negative context, by experts as an important aspect of community engagement. For instance, 

some experts shared that information on public hearings related to natural resource 

management is hard to find, and that the Department of Planning and Natural Resources 

website is particularly hard to navigate. One comment described a language disconnect, in that 

ƛƴŦƻǊƳŀǘƛƻƴ ŘƻŜǎƴΩǘ ǊŜŀŎƘ ŀƭƭ the diverse communities that make up the USVI; Haitians, people 

from the Dominican Republic are large parts of the community who may not get contacted 

effectively. Other comments on community engagement frequently touched upon issues 

related to improving education and/or awareness concerning the environment and its 

connection to human wellbeing. Some experts discussed ideas related to galvanizing pride in 

the local environment and ways to engage and increase support, coded as 

άPride/support/engagedέΦ /ƻŘŜŘ ǎǳƳƳŀǊƛŜǎ ǿƛǘƘ ŜȄŀƳǇƭŜǎ ŀǊŜ ǇǊƻǾƛŘŜŘ ƛƴ ¢ŀōƭŜ уΦ 

Taken together, this subject matter feedback helped the project team determine what habitats 

or land uses to consider describing for the ridge to reef profiles, and what ecosystem 

components to develop for creating ecosystem services logic models, case studies, and 

conducting rankings exercises and discussion sessions at the three workshops. 
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Table 3. Key themes that subject matter experts in the USVI expressed during individual discussion 

sessions. Experts responded to pre-determined, open-ended questions. Frequency = number of 

mentions in coded segments of conversations. 

Key themes Frequency 
(n=976) 

Issues and threats in the USVI 290 

Community engagement 107 

Ecosystem condition 101 

Benefits 94 

Solutions 87 

Indicators 64 

Hazard mitigation  53 
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Table 4. ¢ƘŜ ƪŜȅ ǘƘŜƳŜ ƻŦ άLǎǎǳŜǎ ŀƴŘ ǘƘǊŜŀǘǎ ƛƴ ǘƘŜ ¦{±Lέ ǿŜǊŜ ŎƻŘŜŘ to evaluate the most common 

issues and threats mentioned by subject matter experts. Frequency = number of mentions in coded 

segments of conversations. 

Issues and threats Frequency 
(n=473) 

Example coded segment from conversations  

Development and/or built 
environment 

60  We continually replace natural resources with human development. 

Drainage, run off, and/or 
flooding 

39  wƻŀŘǿŀȅǎ ŎǳǘǘƛƴƎ ŀŎǊƻǎǎ ƘƛƭƭǎƛŘŜǎ άƳŜǎǎŜǎ ǳǇέ ƴŀǘǳǊŀƭ waterways; causes 
vertical flooding. 

Waste management and/or 
pollution 

35  The trash issue on the island; Waste management has an issue with 
pickup and waste overflow; a lot of the dumpsites are located near ghuts 
and heavy rains carry trash to the coast. 

Storms and/or hurricanes 30  Hurricanes have damaged forests, their structure and foliage. 

Attitudes, perception, 
and/or behavior  

27  VI pride is not necessarily connected to our local land and nature, but to 
cultural values/notions and historical ideas. Should be related to both, 
make connections in both. 

Education and/or awareness 26  tŜƻǇƭŜ ŀǊŜƴΩǘ ŀƭǿŀȅǎ ŀǿŀǊŜ ƻŦ ŘƛŦŦŜǊŜƴǘ ǎƻƭǳǘƛƻƴǎκǿŀȅǎ ƻŦ ŘƻƛƴƎ ǘƘƛƴƎǎ ƛƴ 
regards to protecting their property; natural solutions like planting trees 
could help limit erosion but people just do what they are used to. 

Drought and/or water 
availability 

25  Number of short-term droughts has increased dramatically, but annual 
rainfall has not changed dramatically. There is more periods of extremely 
dry weather followed by heavier rain periods. 

Enforcement and/or 
regulation 

24  ²Ŝ ǊŜƎǳƭŀǊƭȅ ŘƻƴΩǘ Ŧƻƭƭƻǿ ƭŀws; e.g. VI code states that you should not 
build within 30 ft. of any watercourse, but this is not followed. 

Community engagement 
and/or communications 

21  tǳōƭƛŎ ƘŜŀǊƛƴƎǎ ŘƻƴΩǘ ǘȅǇƛŎŀƭƭȅ ƭŜǘ ǘƘŜ ŎƻƳƳǳƴƛǘȅ ƎŜǘ ƛƴǾƻƭǾŜŘΣ ŘƛǎƳƛǎǎƛǾŜ 
of local input, testimony. 

Invasive vs. native species 18  Replanting areas with non-ƴŀǘƛǾŜ ǇƭŀƴǘǎΤ ŘƻƴΩǘ ŎƻǇŜ ǿƛǘƘ ŘǊƻǳƎƘǘ ǿŜƭƭΤ 
leads to sediment runoff. 

Climate change 13  Climate change and the Sahara dust now negatively impacts locals. 

Harvest/fishing/farming 13  Gardening, and farming are trendy at the moment, have led to 
conversations about food resilience. But it is superfluous and abstract, it 
ŘƻŜǎƴΩǘ ŎƻƴƴŜŎǘ ŎƻƴǎƛǎǘŜƴǘƭȅ ǘƻ ǘƘŜ ŜƴǾƛǊƻƴƳŜƴǘΦ 

Sedimentation 12  Water flow from rain now flows straight into the ocean, carries all the 
sediment into the ocean; we need to find out how to get water to stay in 
the watershed. 

Deforestation 10  Invasive vegetation. When you clear vegetation, it makes room for 
invasive seeds to make their way in and inhabit this cleared land; a lot of 
the shrubs become invasive and not endemic. 

Disconnect between locals 
and nature 

10  General public may be confused or ignorant (in true sense of the word 
meaning not aware) of connections between ecosystem services and 
natural resources. 

Species decline 10  Reduction in certain species of organisms (cushion sea stars used to be 
more common in the past). 

Short-term vs. long-term 9  Need more long-term planning & management in the VI to deal with 
issues. 
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Table 5. Habitats, land use, or resource use most often mentioned in relation to the issues and threats 

to USVI ecosystems and human wellbeing. Frequency = number of mentions in coded segments of 

conversations.  

Habitats & land use related to issues & 
threats 

Frequency 
(n=193) 

Development 60 

Wetlands (mangroves, ponds, lagoons, 
seagrass) 

36 

Forests (plants, vegetation, trees, shrubs, 
grasslands) 

23 

Coral reefs 17 

Ghuts & watersheds 13 

Fresh water  13 

Harvest/fishing/farming 13 

Beaches 11 

Paved surfaces 7 

 

Table 6. Habitats, components of the ecosystem, and land uses mentioned by subject matter experts as 

providing human wellbeing benefits or with hazard mitigation and resilience value. Frequency = number 

of mentions in coded segments of conversations.  

Habitats & land uses that benefit humans in 
the USVI 

Frequency 
(n=239) 

General benefits & services 66 

Whole watershed/ridge to reef 41 

Harvest/fishery/farmland 28 

Forest 19 

Mangroves 18 

Marine ecosystem 13 

Coral 12 

Water quality 11 

Seagrass 8 

Beaches 8 

Shoreline 5 

Preserved land 4 

Ghuts 4 

Salt ponds/lagoons 2 
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Table 7. Potential indicators of resilience mentioned by subject matter experts. Frequency = number of 

mentions in coded segments of conversations.  

Potential indicators of resilience Frequency 
(n=76) 

Species change & biodiversity 12 

Birds 9 

Coral health 8 

Native/non-native species 6 

Fish & fisheries 6 

Droughts & floods 4 

Bats 3 

Beaches 3 

Frogs 3 

Change in fruiting & blooming of plants 3 

Mangroves 3 

Land cover and use change  3 

Access to nature 2 

Challenges (lack of data; should be 
ecosystem based) 

2 

Fresh water availability 2 

Plants 2 

Water quality 2 

Wetlands 2 

Soil retention levels 1 

 

 

 

 

 

 

 

 

 

 

 

 




