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Summary
The challenge
Healthy marine ecosystems, such as coral reefs and mangrove forests, are critical to the
economy and wellbeing of the residents of the Cayman Islands. In the last decades, local
and global pressures have resulted in serious threats to these fragile ecosystems,
potentially jeopardising the foundations of the local economy. To protect the marine
environment from these looming threats, the Cayman Islands Department of Environment
(DoE) has developed a proposal to enhance its marine protected areas (MPAs). To support
well-founded decision-making around the proposed plans, it is crucial to understand how
the marine environment contributes to the economy and human wellbeing.
Therefore, this study aimed to assess the economic value and the societal importance of
the marine ecosystems of Grand Cayman, Cayman Brac and Little Cayman. By estimating
the potential changes in the value of ecosystems over time, the socioeconomic effects of
the proposed MPA enhancement were assessed. The results of this study will support the
development of long- term policies that promote sustainable economic development in the
Cayman Islands.

Tools
From the outset of the study, stakeholders participated by facilitating the data collection
process and this provided opportunities to simultaneously create support for the concept
of ecosystem services. The study addressed the most relevant marine ecosystems and
ecosystem services in the Cayman Islands and applied a variety of economic valuation
tools to estimate their value. A wide range of existing economic data was used to assess
the importance of natural capital for the public and private sectors. Furthermore, by
surveying over 800 visitors and residents of the Cayman Islands, the study estimated the
willingness to pay (WTP) of individuals to conserve ecosystem services provided by the
marine environment. The WTP estimates obtained in this study represent the maximum
amount that individuals are willing to sacrifice to enhance the protection of marine and
coastal ecosystems, thereby avoiding a future decrease in the supply of ecosystem
services. Based on the valuation results, the change in ecosystem services was modelled
in a scenario analysis to assess the costs and benefits of the proposed MPA enhancement.

Economic value of marine ecosystems
To assess the importance of marine and coastal ecosystems for human wellbeing in the
Cayman Islands, the economic value of each key ecosystem service was estimated. The
analysis focused on services obtained from coral reefs, mangroves, seagrasses and
beaches. Together, the ecosystem services identified provide a total economic value (TEV)
of at least US$179 million (CI$147 million) per year. It should be noted that this value
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reflects the services provided by the ecosystems as a whole. No benefits related to
individual species are estimated.
The ecosystem services that support the tourism industry contribute most to the TEV.
Although tourism arrivals vary over time, approximately 380,000 stay-over tourists and
1,600,000 cruise tourists visit the Cayman Islands each year. Many of these tourists choose
the islands as their holiday destination because of the beautiful marine environment (i.e.
beaches, coral reefs and mangroves). As the natural environment adds value to the
Cayman Islands as a tourism destination, this can be seen as an essential resource for the
prosperity of the tourism industry. This study shows that around 40% of the added value
that is created in the entire tourism industry (US$180 million, or CI$148 million, per year)
can be attributed to the marine environment; this contribution amounts to US$69 million
(CI$57 million) per year. Additional to this, the results of the survey used for the study
indicate that tourists have an aggregate WTP for nature conservation of US$94 million
(CI$77 million) per year.
The high WTP of visitors for nature conservation suggests that the current environmental
fees could be re-evaluated without having a substantial effect on the number of tourists
visiting the islands. Together, the financial value and the WTP add up to a total economic
value of nature for tourism of US$163 million (CI$134 million) per year.
Many residents on the Cayman Islands engage in recreational activities, such as swimming,
going to the beach and diving. Furthermore, a pristine natural environment is important to
the cultural identity of Caymanians. To quantify the value of the marine environment to the
residents of the Cayman Islands, the WTP for an enhancement of the MPAs was estimated
through a household survey. Results indicate that, per year, local households would be
willing to contribute a total of US$5.6 million (CI$5 million) for enhancing protected areas
and thereby conserving the ecosystem services provided by the marine environment. The
results of the household survey conducted in 2014, in support of this study, indicate that
the enhancement plans are supported by at least 58% of the population on Grand Cayman,
63% of the population on Cayman Brac and 85% of the population on Little Cayman.
Other ecosystem services covered in the study are coastal protection to storms and
hurricanes, fisheries that depend on fish stocks in the coastal waters, carbon
sequestration, the pharmaceutical application of environmental products and the value of
marine ecosystems as amenity to real estate. Together, these ecosystem services amount
to an annual value of over US$16 million per year.

Economic effects of enhancing Marine Protected Areas
If current environmental degradation continues, the value of these ecosystem services will
decrease. To prevent further degradation of, and conserve the benefits provided by, the
marine environment, the DoE proposes to expand the coverage of and enhance the Marine
Protected Areas (MPAs) in the Cayman Islands. These changes would result in an overall
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increase in coastal marine area under protection of 15%. Furthermore, by restructuring the
different user zones within the MPAs, the total area classified as “no take” marine reserves
would increase substantially. To analyse the socioeconomic effects of these plans, future
changes in the ecosystem service values obtained in this study were compared in two
policy scenarios: 1) maintaining the current network of MPAs; 2) expanding and
restructuring the MPAs according to the plans proposed by the DoE.
Considering the factors that were included in the economic valuation, the analysis of
changes in ecosystem services over 25 years indicates that enhancing the MPAs leads to
the highest economic value (Scenario 1 < Scenario 2; see Figure 6). In the last year of the
analysis, the total net benefits are likely to be at least 7% higher in Scenario 2, with the
MPA enhancement (US$149 million, or CI$122 million), than in Scenario 1, with existing
MPAs (US$139 million or CI$114 million). The stakeholders that benefit most from
improved ecosystem services in Scenario 2 (MPA enhancement) are those involved in the
tourism industry and local households. Also, the benefits from fisheries and coastal
protection are expected to increase.
Most importantly, none of the ecosystem services analysed in the study is expected to
decrease in the scenario with the MPA enhancement. A sensitivity analysis indicates that,
even if MPA management proves to be ineffective in reversing the current rates of
environmental degradation, the MPA enhancement is unlikely to lead to a loss in human
wellbeing in the Cayman Islands (based on the ecosystem services analysed in this study).
In other words, the society as a whole only stands to gain in overall economic benefits if
the MPA enhancement is implemented. In addition, the DoE has stated that minimal funds
are required to realise the enhancement plans.
Given this information, it can be concluded that the proposed MPA enhancement is a lowcost and low-risk investment with the opportunity to substantially improve overall wellbeing
in the Cayman Islands.
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List of acronyms
CBA

Cost-Benefit Analysis

CIDOT Cayman Islands Department of Tourism
DoE

Department of Environment of the Cayman Islands

EEZ

Exclusive Economic Zone

GDP

Gross Domestic Product

MA

Millennium Ecosystem Assessment

MPA

Marine Protected Area

NPV

Net Present Value

TEEB The Economics of Ecosystems and Biodiversity
WTP

Willingness to Pay
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Chapter 1:

Introduction

Despite the dependence of human life and well-being on the health of marine ecosystems
(Reuchlin-Hugenholtz and McKenzie, 2015), there is no single area of the ocean that has
not faced the impacts of our development (Halpern et al., 2008). Anthropogenic drivers of
change derived from pollution, climate change, fishing and a wide variety of other human
activities threaten marine biodiversity worldwide and impair the capacity of marine
ecosystems to provide mankind with the services that support our own existence (Halpern
et al., 2008; Reuchlin-Hugenholtz and McKenzie, 2015).
To deal with local and global threats to marine biodiversity, properly designed Marine
Protected Areas (MPAs) are widely recognized as an essential management tool (Watson
et al., 2014; Halpern et al., 2010; Halpern, 2003; Roberts and Hawkins, 2000). MPAs can
help preserve the composition of natural communities, maximize ecosystem resilience,
prevent loss of species, restore species abundance, and maintain reproductive, nursery
and feeding areas (Angulo-Valdés and Hatcher, 2010). Furthermore, no-take MPAs have
resulted in an increase in fish size, density and biomass within and beyond their boundaries
in different latitudes (Lester et al., 2009).
Although the development of MPAs was originally guided by ecological goals (UNEP, 1992;
Agardy, 1994), this approach has shifted towards a combination of conservation, social
and economic objectives (Watson et al., 2014; Brander et al., 2015; Potts et al., 2014).
Through this paradigm shift, it has been acknowledged that protecting marine ecosystems
entails protecting fisheries, genetic resources, natural hazard barriers, climate regulation,
and tourism, recreation, education and research opportunities (Potts et al., 2014; AnguloValdés and Hatcher, 2010). Consequently, the concept of ecosystem services, which
stands for the benefits that people obtain from ecosystems (MA, 2005), has become an
important driver for the creation of MPAs.
Due to global concerns in relation to marine and coastal ecosystems, MPAs have
significantly expanded in the last century and in recent years, but this increase in area has
not yet been sufficient to achieve international policy targets regarding marine protection
(Watson et al., 2015; Boonzaier and Pauly, 2016). Between 2008 and 2013, the area of
MPAs increased fivefold, and by 2015 around 6,000 MPAs were estimated to cover
approximately 3.3% of the oceans (Boonzaier and Pauly, 2016). However, the Aichi target
11 adopted by the Parties to the Convention on Biological Diversity in 2010 demands
participating countries in the convention to expand the existing protected area network to
cover at least 10% of coastal and marine areas by 2020 (CBD, 2010). In addition to this,
the IUCN World Parks Congress (WPC, 2014) has more recently recommended a specific
target of strictly protected areas that cover at least 30% of each marine habitat and
address both biodiversity and ecosystem services.
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Although MPAs are not the only management option, their creation and expansion certainly
represent key steps for the implementation of comprehensive ecosystem based
approaches to address threats to biodiversity as much as other socioeconomic concerns
(Halpern et al., 2010). Furthermore, the global coverage of MPAs is a simple,
comprehensible and quantifiable metric to encourage international conservation
(Boonzaier and Pauly, 2016). In line with this approach, research has shown that the
benefits of expanding MPAs according to the international policy targets for marine
protection would significantly outweigh the global costs of achieving this expansion
(Brander et al., 2015).
In the Caribbean, MPAs have shown positive results in terms of coral loss prevention (Selig
and Bruno, 2010), the improvement of biological measures of fish populations in general
(Lester et al., 2009) and the recovery of particularly beneficial fish populations for the
resilience of coral reefs (Jackson et al., 2014). Considering the benefits that local
inhabitants might obtain from this type of improvements in the health of marine
ecosystems, the Department of the Environment (DoE) of the Cayman Islands has
developed plans to modify and expand their existing MPA network. The changes proposed
aim to secure local well-being by improving the protection of relevant ecosystems and their
services against pressures such as tourism growth, overfishing, population growth, coastal
development and pollution.
Box 1 - General overview of the Cayman Islands (Bettencourt and Imminga-Berends, 2015;
Trading economics, 2016)

The Cayman Islands correspond to the Caribbean United Kingdom Oversea Territory formed by
Grand Cayman, Cayman Brac and Little Cayman. The following facts and figures provide a
general overview of the socioeconomic and biophysical context of this territory:
Land area:

262 km2

Total population (2012):

56,732 inhabitants

Sea exclusive
economic zone
(EEZ):

119,137 km2

Population density:

210 inhabitants/km2

Main
Ecosystems:

Lowland mangrove
swamps

GDP (total):

US$3.48 billion

Dry subtropical forests

GDP (per capita):

US$57,827

Sea grass beds
Coral reefs

Unemployment rate:
Illiteracy rate:

5.6%
0.3%

Local inhabitants of the Cayman Islands are in many aspects dependent on services
provided by marine and coastal ecosystems. These ecosystems provide opportunities for
recreation and fishing, while the marine life offers diving and snorkeling conditions that
boost the local tourism industry every season (Schutter et al., 2014). At the same time,
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marine and coastal ecosystems of the Cayman Islands serve as habitat and breeding
grounds for endemic and endangered species (Bettencourt and Imminga-Berends, 2015).
All these benefits reflect part of the contribution that MPAs and their proposed
enhancement can offer to the economy of the Cayman Islands.
To gain insight into the added value of the proposed MPA enhancement, the DoE has
commissioned Wolfs Company and the VU University Amsterdam, to investigate the
economic value of the benefits provided by marine and coastal ecosystems to different
stakeholders in the Cayman Islands.

1.1 Research questions
To provide insight into the added value of the MPA enhancement proposed by the DoE of
the Cayman Islands, the study follows the research questions described below.
1. What are the relevant ecosystem services in the Cayman Islands?
2. What is the current contribution of relevant ecosystem services to the economy of
the Cayman Islands?
3. How would the socioeconomic benefits of local ecosystem services be affected by
the enhancement of MPAs in the Cayman Islands?
To answer the first question, a preliminary subset of ecosystem services that could be
relevant in the local context was selected by the research team and validated with the DoE
and local stakeholders (see Chapter 2). The results of the economic valuation, presented
in Chapter 3 of this report, show how relevant these ecosystem services are and answers
the second questions by determining their contribution to the local economy. To answer
the third research question, the previous results are used as a baseline and potential
changes in economic value over a 25-year timeframe are estimated in scenarios of current
MPAs and MPA enhancement (including MPA expansion and improvement of zone
designation). The economic value obtained in these scenarios is finally compared to
determine the effect of the MPA enhancement (Chapter 4).
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Chapter 2:

Theoretical Background

2.1 TEEB approach
The ecosystem service valuation conducted in this study is based on the Economics of
Ecosystems and Biodiversity (TEEB). This approach follows the Millennium Ecosystem
Assessment (MA, 2005) and defines ecosystem services as the benefits people obtain from
ecosystems and biodiversity (MA, 2005; De Groot et al., 2010). Ecosystems and
biodiversity therefore benefit societies through the provision of ecosystem services, which
ultimately contribute to improve human wellbeing (Figure 1). The capacity to provide
ecosystem services is given by the biophysical components of ecosystems and their
function in relation to the regulation of processes (de Groot et al., 2010; Haines-Young and
Potschin, 2013).

Figure 1 - The ecosystem service cascade that depicts the pathway from ecosystem structure and
processes to human well-being. Adapted from de Groot et al. (2010) and Haines-Young and Potschin
(2013)

According to this overarching framework, societies benefit from the following three
categories of ecosystem services: provisioning, regulating, and cultural services (MA,
2005; De Groot et al., 2010). Provisioning ecosystem services are material outputs such as
water and timber. Regulating services help society deal with processes such as coastal
erosion and changes in water flows, and with extreme events such as floods and storms.
Cultural services relate to the non-material benefits of ecosystems, including spiritual and
recreational values (MA, 2005; De Groot et al., 2010). The contribution of these services to
human wellbeing is expressed in different types of values (Figure 1), which are defined and
analysed for the Cayman Islands in Chapter 3 of this report.
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2.2 Study framework
In order to assess the value of ecosystem services in the governance setting of the Cayman
Islands, the theoretical framework proposed by Daily et al. (2009) has been adapted to this
study. This framework is based on TEEB and represents an iterative process in which the
state of ecosystems, the value of ecosystem services and the wellbeing of stakeholders
are indirectly affected by governance decisions to deal with pressures on ecosystems
(Figure 2, upper part).
Based on the framework shown in Figure 2, the local setting of the Cayman Islands can be
summarized as follows:
• On the Cayman Islands, pressures such as overfishing, coastal development, ship
groundings and recreational activities have direct impacts on the state of marine
and coastal ecosystems.
• Due to these pressures, the ecosystems gradually degrade over time, thereby
becoming less resilient and capable of providing ecosystem services.
• The ecosystem services provided by marine and coastal ecosystems are likely to
decrease in value if ecosystems do.
• Benefits for stakeholders, such as local residents, fishermen and the tourism
industry, will decrease if ecosystem services decrease in value.
• This would result in a decrease in the wellbeing of many residents on the Cayman
Islands.
• To address this potential loss and secure the wellbeing of residents, governance
decisions can be made in order to address pressures on and improve the state of
ecosystems.
To guide the decision-making process, the Department of Environment (DoE) of the
Cayman Islands commissioned Wolfs Company and the VU University Amsterdam to
conduct research on the value of ecosystem services provided by marine and coastal
ecosystems in the territory.
Relevant ecosystem services to be included in the study were firstly identified by the
research team and then validated in consultation with the DoE of the Cayman Islands and
local stakeholders. Previous research in the Caribbean was used as a reference to identify
ecosystem services that could be potentially important in the local context. A preliminary
list of important ecosystem services was further refined based on the availability of data
and the feasibility of their valuation. As a result, seven ecosystem services are described
and valued in this report, two of them from the provisioning category, two regulating
services and three cultural services (Figure 2).
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Figure 2 – Framework of this study. Based on the framework of analysis proposed by Daily et al. (2009).
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In 2014, the research team studied the economic value of marine and coastal ecosystems
for tourism, local culture and recreation. The results of such research are included in this
report and complemented by the valuation of the remaining ecosystem services from the
list presented in Figure 2. Further details on the information used to conduct this analysis
is provided in the next section.

2.3 Data collection process
The study is based on both secondary and primary data sources. Between December 2015
and June 2016, a wide variety of stakeholders was contacted on the Cayman Islands to
support the research with existing data. Many government departments, public and private
organizations agreed to support.
In terms of primary data collection, two surveys were conducted:
1) A tourism survey in 2013-2014 to create insight in tourism behaviour, expenditures and
willingness to pay (WTP) of tourist for additional nature conservation efforts. Almost 400
visitors responded to the survey (Van Beukering et al., 2014).
2) A survey in 2014 among households on Grand Cayman, Cayman Brac and Little Cayman
to create insight in the relevant ecosystem services for local residents, the support for the
MPA enhancement plans and the WTP for conservation of the marine environment. In total,
380 households responded to the survey (Schutter et al. 2014).
In addition, a wide range of experts and stakeholders have been interviewed to validate
research results.
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Chapter 3:

Economic value of ecosystem services

Marine and coastal ecosystems of the Cayman Islands support local livelihoods in multiple
ways, provide several opportunities for recreation, protect important natural resource
stocks and contribute to the success of important economic sectors. The economic value
of the main marine and coastal ecosystem services estimated in this chapter illustrates the
importance of these benefits to the Cayman Islands economy and the well-being of their
inhabitants.
The following subsections describe the general approach to the economic valuation and
provide detailed descriptions of the methods and results of the valuation of each
ecosystem service included in the analysis. The economic values estimated in this chapter
provide the basic information to compare MPA scenarios through the extended costbenefit analysis (CBA) described in Chapter 4 of this report.

3.1 Ecosystem service valuation
The economic value of an ecosystem service can be classified in use or non-use value.
Use values are divided into direct use and indirect use values (Figure 3). The first category
corresponds to values derived from the direct harvesting or extraction of ecosystem
products, such as food or water. Indirect use values, on the other hand, correspond to
benefits obtained from the regulating capacity of ecosystems without entailing an active
extraction of ecosystem products (Waite et al. 2014; van Beukering et al., 2007).
Non-use values include the existence value (i.e. the value humans place on the knowledge
that a resource or species exists), bequest value (i.e. the value of guaranteeing the
existence of a resource or ecosystem for the future generation), and option value of
ecosystems (i.e. the value humans place on having the option to use or visit the resource
or ecosystem in the future). Figure 3 presents the Total Economic Value (TEV) framework
and the different use and non-use values that can be assigned to ecosystem services.

Figure 3 - The Total Economic Value (TEV) framework for the valuation of ecosystems services. Adapted
from Waite et al. (2014)
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Table 1 – Valuation techniques used in this study (van Beukering et al., 2007; Waite et al., 2014)

Type of

Valuation

technique

technique

Description

Marketbased
techniques

Market
price

Market prices are used as an indicator of the economic benefits
obtained from using an ecosystem good or service.

Avoided
damage

This technique focuses on the costs of potential damage avoided
by regulating processes of ecosystems.

Net factor
income

Technique based on the revenue from sales of goods or services
obtained from ecosystems. Costs of other inputs are subtracted.

Hedonic
pricing

Technique based on the influence of specific ecosystem features
on the price of marketed goods, e.g. real estate.

Contingent
valuation

Survey-based technique in which respondents are asked directly
about their willingness to pay for the supply of ecosystem services.

Choice
modelling

Survey-based technique in which the willingness to pay of
respondents is elicited by asking them to trade off different
ecosystem attributes, goods or services.

Nonmarket
techniques

In this study, the different values of ecosystem services are quantified according to the
TEV framework and expressed in monetary values. This type of analysis can be conducted
through the application of different valuation techniques, which are classified in marketbased techniques, non-market techniques and benefit transfer (Table 1). In this study, each
valuation technique is chosen according to its suitability to analyze specific ecosystem
services, as well as on the availability of data and time.
Table 2 – Ecosystem services addressed and valuation techniques used in this study

Type of
ecosystem
service

Ecosystem service

Value

Valuation technique

Provisioning

Fisheries

Direct use value

Market based: net factor income

Pharmaceutical

Direct use value

Market based: net factor income

Coastal Protection

Indirect use value

Market based: avoided damage

Carbon Sequestration

Indirect use value

Market based: market price

Amenity

Indirect use value

Non-market based: hedonic pricing

Tourism

Direct use value

Market based: net factor income

Regulating

Cultural

Non-market based: contingent
valuation and choice modelling
Culture and
Recreation

Existence and
direct use value

Non-market based: contingent
valuation
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The ecosystem services analyzed in this study are selected in consultation with
stakeholders and the Department of Environment of the Cayman Islands (DoE). Table 2
presents the type of ecosystem services, type of value, and techniques adopted for the
valuation. The next subsections of this chapter provide further details on the
methodological steps that are specifically carried out to value each ecosystem service and
the results of the valuation.

3.2 Fisheries
3.2.1 Methods
To support the analysis of potential benefits arising from the MPA enhancement in the
Cayman Islands, this section examines the economic value of the fish catch that relates to
local coral reef ecosystems. Since no major commercial fishing activities exist on the
Cayman Islands (Meier et al., 2011; Henshall, 2009), this section focuses on artisanal
fishing for recreation, subsistence and small-scale commercial purposes.
Based on questionnaires applied to local residents, expatriates, tourists, charter boats
operators and migrant workers in 2011, Figure 4 illustrates the fishing effort (or pressure)
for pelagic and reef fish in Grand Cayman (Meier et al., 2011). Areas such as North West
Point, the entrance to the North Sound, South Sound and Jackson Point were identified as
popular ones among the reef fishers that participated in the questionnaire (Meier et al.,
2011).
As this study aims to estimate the economic value that is associated with local marine
ecosystems, only reef fish are considered in the analysis. The share of the catch that
consists of pelagic species is considered out of scope, since these fish species rely on
foreign ecosystems for most of their lives.
The economic value of reef fisheries is estimated through the net factor income approach
(van Beukering et al., 2007). This market-based approach assumes that the value of fishing
is determined by the availability of fish and the costs of other production factors required
for fishing (labor, boats and fishing gear). The value of the ecosystem service is defined as
the value of fish as a production factor in this process. This implies that the value of the
fish needs to be isolated from the other production factors, which can be done by
estimating the difference between the fishing revenue and the costs of fishing, i.e. the
added value of fishing. As labor costs are considered a benefit to the society of the Cayman
Islands, these are included in the total value of the ecosystem service.
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Figure 4 - Spatial distribution of fishing effort over a monthly period in Grand Cayman, based on
information collected through socioeconomic questionnaires conducted in February and March 2011
(Meier et al., 2011)

Estimates of the number of reef fish caught in the Cayman Islands are obtained from
Henshall (2009) and Meier et al. (2011). Both studies focus on the impact of artisanal and
recreational fisheries on coral reef ecosystems. Based on the information presented in
these studies and the answers of artisanal fishermen interviewed for our study in April 2016,
the estimates associated to artisanal fisheries are considered to include fish catch for
subsistence and small-scale commercial purposes (i.e. local market). The estimates
associated to recreational fisheries, on the other hand, refer to recreational charter boat
fishing. For the latter, only the value of the fish catch is incorporated in the calculations for
the fisheries value. Recreational values related to charter boat fishing are incorporated in
the calculations for the tourism value. According to Meier et al. (2011), there is no major
commercial fishing on reef ecosystems in the Cayman Islands.
Henshall (2009) provides figures of the number of reef fish caught in Grand Cayman in 2009
and Meier et al. (2011) estimate the number of reef fish caught in each of the three islands
in 2011. To obtain an indication of the current reef fish catch, the annual percent increase
in reef fish catch in Grand Cayman between these two studies is extrapolated to the whole
Cayman Islands over the period between 2012 and 2016.
The total revenue from local reef fish catch is subsequently estimated by multiplying the
amount of reef fish caught in 2016 by the average weight of reef fish and the local fish price
per unit of weight. The average weight of reef fish is obtained from Williams and Ma (2013),
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while the fish price is estimated based on consultation meetings with local fishermen held
in the Cayman Islands in April 2016.
Fishing costs are assumed to represent 44% of the total annual revenue, as estimated in
previous research on artisanal fishing in Caribbean coral reef ecosystems (Schep et al.,
2012).

3.2.2 Results
As explained in the methods, the net factor income approach assumes that the economic
value of coral reef to fisheries is the net benefit obtained from fishing, which is calculated
through subtracting the total costs of fishing (except for labor costs) from the fisheries total
revenue. Table 3 presents the total annual revenue, total annual costs, and annual net
income (or benefit) associated to reef fish caught for recreational, subsistence and smallscale commercial purposes.
The calculation of the total annual revenue of fishing is based on the following parameters:
• The average price of reef fish species in the Cayman Islands, estimated at US$5.85
per pound according to the information provided by local fishermen interviewed in
April 2016.
• The average fish weight of the most common reef fish species caught in Cayman
Islands waters according to existing literature (Williams and Ma, 2013), estimated
at 1.8 pound/fish.
• A reef fish catch of around 390,000 individuals in 2016, estimated through the
extrapolation of data from Henshall (2009) and Meier et al. (2011).
The total annual fishing costs, which are estimated at 44% of the total revenue, represent
around US$1.8 million per year. Thus, the total economic value of coral reef fishing for
recreational, subsistence and small-scale commercial purposes is valued in around
US$2.3 million per year (Table 3).
Table 3 - Total annual value of recreational, subsistence and small-scale commercial fishing on coral
reefs

Total annual value
Total annual revenue

$

4,109,889

Total annual costs

$

1,808,351

Annual net benefit

$

2,301,538
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As described in the methods, no large scale commercial fishing is reported to exist in
Cayman Islands waters (Meier et al., 2011) and only a small part of the artisanal fish catch
is reported to be sold in the local market1.

3.3 Pharmaceutical value
3.3.1 Methods
In this study, based on the main existing classifications of ecosystem goods and services
(De Groot et al., 2002; MA, 2005; De Groot et al., 2010; Haines-Young and Potschin, 2013),
the pharmaceutical value refers to the contribution of the biotic materials and chemical
substances available in local ecosystems to the economy of the Cayman Islands. Through
an exceptional five-year agreement, the Government of the Cayman Islands allows the
extraction of Caribbean Sea Whip (Plexaura homomalla) by the company Maxey Lash as
of 2016. The extracted coral is processed by the company to obtain black-sea red oil
(BSRO), which is subsequently used to produce a cosmetic eyelash maintaining serum.
The legal license established in the agreement with the Cayman Islands Government is
given under specific conditions to ensure that the extraction is done sustainably. To allow
the coral colony to regrow, the harvesting is restricted to specified locations and to a
maximum of 10 kg of raw coral tips per year. Furthermore, the company is required to pay
a royalty fee that will go into the Environmental Protection Fund of the Cayman Islands.
The conditions that determine the royalty fee that is to be paid by the company are
presented in Table 4, below.
Table 4 – Royalty structure for the extraction of wet coral for cosmetic purposes

Royalty structure
Per kilogram of wet coral harvested, a royalty of CI$25,000 is payed, or per gram of BSRO
extracted from the coral, a royalty of CI$500 is payed, whichever is greater
A royalty of 10% on the Net Sales of BSRO to third parties is payed to the Cayman Islands
Government
A 10% royalty of the Net Sales of Maxey Cosmetics Products (MC Products) which contain
BSRO are payed to the Cayman Islands Government

In this study, the pharmaceutical value is estimated through the net factor income
technique (van Beukering et al., 2007), a market based approach that focuses on the net
income obtained from the extraction of coral for the cosmetic purpose described above.
The total economic value of this ecosystem service therefore includes the potential income

1

As reported by artisanal fishermen interviewed for this study in April 2016.
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obtained from sales by Maxey Lash and the royalty that could be collected by the
government as an outcome of the coral extraction.
Since the extraction rates of wet coral were not made available at the time of this study,
the estimation of Maxey Lash’s income relies on the assumption that the current extraction
of wet coral corresponds to the legal maximum of 10 kg per year. The average extraction
rates of the active ingredient of BSRO (i.e. Prostaglandin A2 15 acetate methyl ester) from
wet coral are estimated in the range between 0.3% and 3% (Bhakuni and Rawat, 2005).
As described during personal communication with Maxey Lash, part of the BSRO obtained
from coral is directly sold to third parties and the rest is utilized for developing cosmetics.
For calculations conducted in this study, it is assumed that the total harvest is sold in
Maxey cosmetics, since this provides an indication of the maximum income that can be
potentially obtained from the extraction of coral for this purpose.
The royalty fee that could be collected by the Cayman Islands Government is estimated
according to the license conditions stipulated in the agreement with the company. It is
therefore important to note that both, the company’s net income and the royalty fee
collected by the government, are most likely upper-bound estimates of the economic value
of this product.

3.3.2 Results
With average extraction rates ranging from 0.3% to 3%, the maximum permitted harvest
of 10 kg of wet coral can provide between 30 g and 300 g of BSRO per year. Maxey
cosmetic products are sold for a price of around US$75 per piece and contain 0.5 mg of
BSRO. Due to lack of specific data on the annual financial results of the company, the net
margin of Maxey Lash, after subtracting royalties, taxes and production costs, is assumed
at 20%2. The net-income potentially obtained by Maxey Lash from the maximum allowed
extraction of 10 kg of wet coral per year is thus estimated in the range between US$0.9
and US$9 million.
Based on the extraction rates considered in this analysis and the assumption of all the
BSRO being sold in cosmetic products, royalties should be collected only in relation to the
amount of wet coral extracted and the net sales of cosmetic products containing BSRO
(Table 4). If 10 kg of wet coral were annually extracted, the government of the Cayman
Islands would collect a royalty fee of approximately US$0.3 million per year. Additionally,
between US$0.4 and US$4.3 million in royalties can be associated to the annual net sales
of the company (Table 5).

2

Based on various sources, including market analysis websites and datasets (e.g. CSImarket and online

databases compiled by the Stern School of Business of the New York University), publicly available
financial reports of cosmetic companies (e.g. Loreal) and financial news (e.g. Bloomberg).

22

Table 5 - Royalty fees potentially collected in relation to coral extraction for the production of cosmetic
products (US$ millions per year)

Wet coral extraction
Net annual sales*
Total

Value

Royalty fees

10 kg

US$0.3

$4.3 - $42.8

$0.4 - $4.3

-

$0.7 – $4.6

*Estimation based on average BSRO extraction rates and 5% of sales discounts, returns and allowances.

The total pharmaceutical value is estimated as the sum of the potential net profit from
cosmetic products with BSRO produced by Maxey Lash and the potential income from
royalty fees paid to the Cayman Islands Government. As shown in Figure 5, this results in
an annual total economic value in the range between US$1.6 and US$13.6 million.

Total pharmaceutical value
($1.6 - $13.6 million)

35%
$0.7 - 4.6 million
65%
$0.9 - $9 million

Potential net profit for Maxey Lash (US$/year)
Potential income from royalty fees (US$/year)
Figure 5 - Total economic value associated to pharmaceutical coral extraction (US$ millions per year)

3.4 Coastal protection
3.4.1 Methods
Coral reef structures serve as buffers against waves, floods and storms, preventing loss of
life, erosion and property damage. For this study, the coastal protection value of coral reefs
in the marine protected areas (MPAs) of the Cayman Islands is estimated using the
avoided-damage approach3. To estimate the coastal protection value of coral reefs, we
apply a GIS-based method to calculate the total flood damages that occur during a 1/25year return time storm as well as the share of these damages that would be prevented by

3

The approach used to conduct this analysis is adapted from Hoogeveen (2016).
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the presence of nearby coral reefs. This percentage (the relative reef contribution – RRC –
that mitigates storm damages) is calculated per coastal transect using a methodology
developed by Burke et al. (2008).
The benefits from coastal protection considered in the analysis are direct avoided damages
to properties (Cesar and van Beukering, 2004; Constanza et al., 1997; Waite et al., 2014;
van Zanten et. al 2014), meaning the economic effect of the avoided physical damages to
buildings as a result of wave impact and flooding. Avoided damages to infrastructure and
indirect benefits of coastal protection such as avoidance of business interruption are not
accounted for in this analysis. Therefore, the estimation of the value of coastal protection
by coral reefs is assumingly a lower-bound estimate of the actual economic value of this
service.
The characteristics of a 1/25-year return-period event are supported by empirical
information from hurricane Ivan (2004) provided by the DoE. This analysis is innovative as
it relies on detailed data that enables the estimation of avoided damages on individual
building level.

3.4.1.1 Relative reef contribution (RRC)
To value the coastal protection of properties by coral reefs, the relative reef contribution
(RRC) to this service needs to be determined per coastal transect. The RRC is a coefficient
that, multiplied with the total economic damages during a storm, defines the avoided
damages that can attributed to the presence of nearby coral reefs (Burke et al, 2008).
Per coastal transect, the RRC is obtained using equation 1: The RRC is the scaled
percentage of the reef’s contribution to protecting coastline in relation to all the factors that
contribute to the relative total coastal protection (RTCP). The RTCP is calculated by
averaging the value of nine factors that define the level of protection of properties along
the coast: geomorphology (e.g. cliffs or beaches), coastal exposure, wave energy, storm
frequency, coral reef characteristics, coastal vegetation, coastal elevation, coastal slope,
and the presence of erosive anthropogenic activities (Annex 6). These factors are scored
on a scale between 0 and 4 representing the level of coastal protection (0 means no coastal
protection and 4 very high coastal protection). The RRC is calculated by taking the square
root of the ratio of the Coral Reef Index (CRI) – which is one the factors that define coastal
protection – over the sum of all coastal protection factors divided by the RTCP for each
coastal transect.

""# =

#"%/'() #*+,-+./0*-12-3*45+2-*0,
"6#/

(1)

The CRI is estimated according to the equation below, where n is the number of coastal
protection factors included in the analysis. The reef index factors are 1) reef type, 2) reef
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distribution (e.g. in case of patch reef, the distribution of patches) and 3) distance of reef
to the coast.
#"% =

'"11:%4;1<5+2-*0,
4∗4

(2)

3.4.1.2 Storm regime
The analysis of storms’ threat is based on observed inundation depth data of hurricane
Ivan (2004) on Grand Cayman provided by DoE. This was a category 4 hurricane with an
approximate once per 25-year return time. As this was a severe hurricane, the probability
of higher inundation depths is relatively low (Taramelli et al., 2014). As an illustration for the
situation on Grand Cayman, Figure 6 shows the inundation depth map as was recorded
during hurricane Ivan and the location of buildings. For the sister islands, an inundation
model as shown in Figure 6 is not available. For Little Cayman and Cayman Brac, an
inundation map was created using the difference between the mean surge height from the
Grand Cayman inundation model (7.25ft) and a digital elevation model.

Figure 6 – Inundation depth and property locations in Grand Cayman
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3.4.1.3 Vulnerable lands and properties
Vulnerable lands are considered to be those areas that are situated below the maximum
storm surge of hurricane Ivan; as for example the inundated areas in Figure 6 on Grand
Cayman. Vulnerable lands and buildings were identified by overlaying a storm surge map
and the cadastral building map provided by the Lands and Survey Department for the three
Cayman Islands in a geographic information system (GIS).

3.4.1.4 Property values
Intersecting the inundation map with the locations of the buildings included in the 2016
cadastral dataset of the Lands and Survey Department for the Cayman Islands gives us
the inundation per building. The value that is lost during a storm is not the same for all
properties. Relative damages (the % of its initial value that is lost) to properties vary as a
result of the type of structure (i.e. one or two stories or commercial), but also depend on
inundation level. The US-based Federal Emergency Management Agency (2000) has
established the relation between flood depth and relative damage for three different types
of building structures (Figure 7): A-zone residential one story, A-zone residential two stories
and V-zone. These relative damage estimates are based on empirical data from numerous
coastal floods in the US. The x-axis in Figure 7 indicates the depth of the flood in feet,
whereas the y-axis shows the percentage of value that is lost during the flood. For example,
during a shallow flood, below 5 feet of inundation depth, single floor homes suffer the
highest relative damage. During more severe floods, around 10 feet of inundation depth,
the difference in relative damage between one and two story buildings evens out a bit. The
absolute property values were obtained from the 2016 cadastral dataset – provided by the
Lands and Survey Department – with appraised value. This dataset for the Cayman Islands
enables a detailed, building level, storm damage estimation procedure. In contrast to Azones, V-zone depth damage curves apply in areas with high wave impact. In this analysis,
it is assumed that high wave impacts occur where the inundation is higher than five feet.
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Figure 7 – Relative damage to different building types according to inundation depth (FEMA, 2000)
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3.4.1.5 The coastal protection value
The next step requires that the surface area of the Islands is allocated to the coastal
transects that have an assigned RRC. For this step, a Euclidean allocation analysis is used
in a GIS. This analysis relates coastal transects to buildings on land as well as the assigned
RRC of the nearest coastal transect.
Once the inundation depth as well as the RRC per building is determined, the total damage
per house is calculated using depth damage relations presented in Figure 7 for the two
building categories. To estimate the coastal protection value, as an approximation of the
avoided damages because of the presence of nearby coral reefs, we multiply to the total
expected damages with the RRC. We obtain an annual coastal protection value by dividing
the total coastal protection value of coral reefs during an event comparable to hurricane
Ivan (with a return time of 1/25 years) by 25.
To develop a coral reef value map for the ecosystem service of coastal protection, the sum
of the coastal protection value attributed to each coastal transect is calculated. This value
is then spatially allocated to the spur and groove reefs4 adjacent to the coastal transects
and displayed as an annual value per hectare of coral reef. The value is allocated to spur
and groove reefs because they are formed by wave energy exposure and located in the
zones where most wave energy dissipation takes place.

3.4.2 Results
The annual coastal protection value by coral reefs in the Cayman Islands is estimated at
US$5.1 million. This number is derived from the total coastal protection value of coral reefs
during an event with an estimated 25-year return time: US$128 million. During such an
event, comparable to hurricane Ivan, the expected total damages are estimated at US$1.25
billion. Approximately 98% of the coastal protection value attributed to coral reefs is
located in Grand Cayman, 1.6% in Cayman Brac and 0.1% in Little Cayman.
Figure 8 displays the annual coastal protection value per hectare of coral reef in Grand
Cayman. The values that are presented in the maps correspond to the avoided damages
to residential and commercial properties due to the presence of nearby coral reefs. The
value maps for Little Cayman and Cayman Brac are not presented here because the
coastal protection value of coral reefs around these islands is very limited, due to the low
level of development in flood prone areas.
The per hectare coastal protection value of coral reefs, as shown in Figure 8, depends on
a number of factors. First, the sum of property values in inundated areas in the
neighborhood along a coastal transect determines the value at risk. Second, the type of

4

Obtained from the spatial classification of benthic areas in the Cayman Islands made available through
the DoE of the Cayman Islands.
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building as well as the inundation depth determine the extent of damage to properties.
Third, the relative contribution of coral reefs to the protection of the coast against wave
energy determines the relative reef contribution (RRC) as an approximated percentage of
the total expected damages. The importance of these factors can be observed in Figure 8.
Figure 8 indicates high values in places with a high concentration of expensive properties
located in low-lying areas, such as the developments Cypress Pointe between West Bay
and George Town. Also, the coral reefs nearing the Patrick’s island neighborhood in southeastern George Town have a high value due to the high concentration vulnerable
properties.

Figure 8 - Annual coastal protection value per hectare of coral reef in Grand Cayman

3.5 Carbon sequestration
3.5.1 Methods
In this study, the economic value of carbon sequestration is estimated through the market
price technique (van Beukering et al., 2007; Waite et al., 2014). The economic value of this
service therefore represents the potential market value of annual flows of carbon from the
atmosphere to coastal carbon pools, given the actual extent of mangroves and seagrass
beds in the Cayman Islands.
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The total economic value of annual carbon gains in the present (EVt) is estimated as the
product of the carbon sequestration potential (Cseq) and the price (P) per ton of carbon
dioxide that could be compensated through a hypothetical carbon market. This is
summarized in the following formula:
@A- = 3.67 ∙ #,1G ∙ /

(3)

The conversion factor included in the formula (i.e. 3.67) corresponds to the ratio of the
molecular weights of carbon and carbon dioxide. This ratio is used for estimating the
equivalent carbon dioxide that can be produced if the carbon stored in the system is
released to the atmosphere (Howard et al., 2014).
The selection of the price for estimating the economic value of the carbon sequestration
service is based on the mechanisms established by the UN Framework Convention on
Climate Change (UNFCCC) and the Kyoto Protocol. It is important to note that emission
reductions related to oceanic carbon are not currently guaranteed under these
mechanisms, and hence, the price used in this analysis provides only a reference of a
hypothetical market that is not currently in place.
In this study, we use the price assigned to 1 metric ton of carbon dioxide in emission
trading systems as the measure to monetize carbon fluxes in coastal ecosystems.
Approximately 70% of the global carbon dioxide emissions are priced through emission
trading systems in a range that varies from around US$1 to US$9 per Mg 5 of carbon
dioxide emissions (Kossoy et al., 2015). Since this price range has remained relatively
stable in absolute terms during the past two years (Kossoy et al., 2015; World Bank and
Ecofys, 2016), this is used as a representative measure of price for the estimation of the
economic value of carbon. For the sake of simplicity, the price used in the calculations is
the median of the range selected, estimated at US$5 per Mg of carbon dioxide emissions.

3.5.2 Results
In this study, the estimation of the economic value of carbon sequestration focuses on
seagrass and mangroves, since these are the main carbon pools identified in the Cayman
Islands. Global average values of carbon stock (Howard et al., 2014; IPCC, 2006; IPCC,
2014) suggest that the carbon potentially stored in seagrass and mangroves could reach
approximately 3.5 million Mg in the Cayman Islands. Of this amount, approximately 65%
is stored in mangrove areas in Grand Cayman. Existing MPAs comprise around 20% of the
total carbon stock (Table 6).

5

1 megagram (Mg) = 1 Metric ton (tonne). Mg is commonly used in carbon sequestration literature.
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Table 6 - Carbon stock in the Cayman Islands (Mg)

Ecosystem

Grand Cayman
MPAs

Cayman Brac

Outside

MPAs

MPAs

Little Cayman

Outside

MPAs

Total

Outside

MPAs

MPAs

Seagrass

419,500

346,300

100

1,500

12,300

7,500

787,300

Mangroves

266,000

2,270,500

-

6,700

300

184,500

2,727,900

Total

685,500

2,616,900

100

1,500

12,600

192,000

3,515,200

To estimate the annual economic value of the carbon sequestration service provided by
coastal ecosystems, the carbon sequestration potential is estimated based on global
average value of annual accumulation of carbon (Laffoley and Grimsditch 2009). The
obtained results suggest that the highest carbon sequestration potential is found in
mangrove ecosystems in Grand Cayman (Table 7).
Table 7 - Carbon sequestration potential in coastal ecosystems in the Cayman Islands (Mg/year)

Ecosystem

Grand Cayman

Cayman Brac

Seagrass

5,900

<100

200

6,100

Mangroves

9,100

<100

700

9,800

15,000

<100

800

15,900

Total

Little Cayman

Total

To assign a monetary value to the carbon sequestration potential, the results presented in
Table 7 are firstly converted to carbon dioxide units based on the ration of the molecular
weights of carbon and carbon dioxide (i.e. 3.67). Considering a price of US$5 per Mg of
carbon dioxide (based on Kossoy et al., 2015; World Bank and Ecofys, 2016), the total
economic value of this service is estimated at around US$ 291,300 per year (Table 8). As
shown in Figure 9, most of the economic value of the carbon sequestration service
estimated in the Cayman Islands originates from mangroves in Grand Cayman, given the
large area of this ecosystem type in the central swamp of the island.
Table 8 - Economic value of the carbon sequestration service per year (US$)

Ecosystem

Grand Cayman

Cayman Brac

Little Cayman

Total

Seagrass

$108,000

$200

$2,800

$111,000

Mangroves

$167,600

$500

$12,200

$180,300

Total

$275,600

$700

$15,000

$291,300
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Figure 9 - Spatial representation of the economic value associated with carbon sequestration in the
Cayman Islands (US$/ha/year)

3.6 Amenity value
3.6.1 Methods
In this study, the amenity value refers to the value that ecosystems such as coral reefs and
mangroves potentially add to real estate prices on the Cayman Islands. This value is
estimated by using the hedonic pricing method6, a revealed preference approach used to
obtain the economic value of a variable, such as any specific environmental feature, that
is implicitly part of the price of houses (i.e. residential building).
The hedonic pricing analysis has the underlying assumption that the price of every house
or building can be explained by its individual characteristics (Rosen, 1974). The method
uses multiple regression analysis to quantify the relative importance of different variables
for the price of a good. Each independent variable has its own implicit price and its own
importance for the overall price of the property (Dunse and Jones, 1998).
As part of the many variables that define the price of houses, this study examines the
importance of their proximity to coral reefs and mangroves. The amenity value is therefore
calculated as the difference between the total price of houses and the distance to natural
amenities that have been found to influence the price significantly. Hence, the relation

6

The approach used to conduct this analysis is adapted from Hoogeveen (2016).
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between property values and the distance to reefs and mangroves is assessed to establish
the hedonic price of these habitats as an ecosystem service. The total amenity value for
Grand Cayman is estimated by extrapolating the mean amenity value per house over the
total number of residential buildings in Grand Cayman.
This analysis focuses on the amenity value for residents, and hence, it only considers house
transactions. Although environmental amenities can influence the price of lands bought for
future residential use, this might not be the case for land transactions with other purposes,
e.g. commercial use, agricultural use, investment, etc. Since the purpose of individual land
transactions in the Cayman Islands is unknown, these are not included in the estimation of
the amenity value.

3.6.1.1 Variable construction
The variables in the dataset provided by the Cayman Islands Real Estate Brokers
Association (CIREBA, 2016) present structural, neighborhood and spatial characteristics.
Although the dataset contains 4,830 observations, 1,861 can be georeferenced and linked
to a specific parcel on Grand Cayman. A large part of the georeferenced observations,
however, do not contain any information about the square feet, bedrooms or bathrooms
and further inspection shows that most of these cases turned out to be parcels.
Consequently, only 686 data points are usable observations, all located in Grand Cayman.
The descriptive statistics of the variables considered in the analysis are shown in Table 9.
The structural characteristics of sold houses included in the hedonic pricing model are
price, surface area land, number of bedrooms, number of bathrooms, surface area house
and view.
Table 9 - Descriptive statistics of sold houses in the dataset that were considered for the hedonic pricing
model.

Dependent variable
House price (US$)
Housing features
Surface area house/apartment
(ft. )

Mean

St. deviation

Min

Max

879,813

929,004

2,996

9,453,780

3,188

1,780

384

13,804

17,460
3.61
3.13

12,537
1.31
1.92

4,356
1
0.5

184,694
10
10

7,928
1,314
3,660
1,307
0.13
0.06

10,385
1,545
2,554
1,551
0.33
0.24

30
0
95
30
0
0

64,038
6,821
12,120
8,184
1
1

2

Surface area land (ft. )
Bedrooms (count)
Bathrooms (count)
Environmental amenities
Distance to canals (ft.)
Distance to mangroves (ft.)
Distance to reefs (ft.)
Distance to coast (ft.)
Beach view (cat.)
Waterfront view (cat.)
2
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The average house price in the dataset is US$879,813 with a maximum of US$9.5 million.
The houses are on average 3,188 ft2 and contain on average 3.6 and 3.1 bed and
bathrooms respectively. View is particularly relevant for the analysis due to its correlation
to the coast and coral reefs, and it is expected that ocean view has a positive correlation
with property prices (Sarkis et al., 2010). 13% of the houses in the database have beach
view and 6% of the houses was categorized as waterfront view. Spatial features are
analyzed using GIS and include the distance of properties to ecosystems such as
mangroves and reefs, and to green infrastructure such as canals.

3.6.1.2 Empirical framework
The hedonic pricing method is based on regression analysis, which uses the following
specification to estimate the factors influencing the house prices:
.*HI3 = α@3 + LM3 + N

(4)

Where log pi is the logarithmic transformation of the sold price at location 3, @3 is the effect
of the environmental amenities of the property or parcel at location 3, Hi are the property
characteristics and N is the error term. α and β are the parameters to be estimated. The
house price (dependent variable) and several explanatory variables have been logtransformed to conform to a normal distribution.
The regression uses robust standard errors to reduce the heteroscedasticity in the error
terms. Variation might occur due to the spatial relationship within the data in a spatial
dataset. For example, an attractive neighborhood might have higher house prices so the
observed price in that neighborhood is higher. To account for this effect, locational fixed
effects are tested in the analysis. The locational fixed effects are based on the districts that
the observations correspond to. This results in the following regression equation, where θ3
are the district fixed effects:
.*HI3 = α@3 + LM3 + θ3 + N

(5)

Spatial autocorrelation among observations is often found when working with spatial data.
It is possible that observations close to each other are correlated. When this is the case,
the Ordinary Least Square (OLS) regression should be adapted to consider this effect. To
test whether OLS is the right model, Moran’s I spatial dependence test can be conducted.
If there is spatial dependency, the following models are appropriate to use. A spatial lag
model based on the distance between observations can be used to correct for the
dependency. A spatial error model corrects for the dependency of the error terms of the
observations (Dekkers an Koomen, 2008).
Using the software GeoDa, a row standardized spatial weights matrix is constructed,
based on the distance from every observation to every other observation. Moran’s I can be
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calculated based on this spatial weight matrix. The formal notation of the spatial error
model is:
I = α@3 + LM3 + PQI + R

(6)

R = SQR + T

(7)

Where p is the price, W the spatial weight matrix, and R is the independent error term. P
and S are econometric coefficients that describe the importance of the spatial lag and
spatial error terms (Dekkers and Koomen, 2008).

3.6.1.3 Mapping the amenity value of ecosystems
A value map is developed to visualize the spatial variation of the amenity value of
environmental location characteristics. The mapping method uses statistically significant
effects of the environmental location characteristics (e.g. distance to mangroves and reefs)
to determine the amenity value of these ecosystems per hectare, by calculating the
cumulative added value to house prices in a neighborhood around the particular patch of
mangrove or reef. The value mapping analysis consists of the following steps:
Step 1: Develop raster layers in GIS that describe the effect on house price based on the
distance to the nearest ecosystem types (e.g. mangroves and reefs) per grid cell. Scale the
value of the Euclidean distance grid by using log-transformation and then multiplying the
log-transformed values by the coefficients obtained by the hedonic model. If the effects of
the environmental location characteristics are added up, the combined effect of these
coefficients on the modeled house price are calculated. Because both the dependent and
the independent variables are log-transformed, the coefficients should be interpreted as
follows: if the independent variable increases by 1%, the dependent variable increases
with the coefficient*1%. Thus, if a coefficient of distance to reef is -0.03, we know that a
100% increase would lead to a 3% decrease in the house price.
Step 2: The hedonic pricing model is estimated based on the 686 observations selected
from the dataset of the Cayman Islands Real Estate Brokers Association (CIREBA). In order
to have a representative view of the spatial distribution of houses on Grand Cayman, spatial
cadastral information on building locations is used. From the 2016 cadastral spatial dataset
provided by the Cayman Islands Lands and Survey Department (shapefile), all residential
properties on Grand Cayman are selected (n = 11,272). We noticed, however, that a
significant amount of recently sold houses were not present in the cadastral shapefile with
residential properties. The cadastral file has been therefore updated with houses from the
CIREBA dataset and then converted to a raster layer, which indicates the count of houses
per 90*90 feet grid cell.
Step 3: This step links the house values to the ecosystem types. To obtain the amenity
value of ecosystem types per grid cell, the layers prepared in step 1 are multiplied by the
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layer prepared in step 2. Then, the total amenity value of ecosystem types (e.g. reefs or
mangroves) is added up by conducting a neighborhood analysis in a specific radius (given
by the maximum values from dataset used for the hedonic pricing model) around each grid
cell. Following this step, the results of the neighborhood analysis are intersected with each
ecosystem type. This final dimensionless index layer indicates the relative amenity value
that can be used to distribute the total simulated amenity value across ecosystems on
Grand Cayman.

3.6.2 Results
Figure 10 shows the locations of houses in the dataset and in Figure 11 we explore the
correlations among variables that are considered for the hedonic pricing analysis. A set of
structural variables, such as number of bedrooms and bathrooms, size of the house and
house plot, are directly obtained from the CIREBA dataset. Also, the type of view from the
house is included in the dataset. In this analysis, we include categorical variables for
houses with beach- and waterfront view. The other mutually exclusive view categories
(canal, garden, pool) represent the reference category in this analysis. The location
variables that describe the distance to ecosystem types and habitats, such as mangroves,
canals, reefs and the coast were obtained through spatial analysis and added to the
dataset (Annex 1).

Figure 10 - Locations of houses in the CIREBA dataset and the locations of mangroves, coral reefs and
canals on Grand Cayman.
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Prior to the correlation analysis, collinearity tests indicated that districts and population
density are highly correlated. Hence, districts are excluded from the dataset. This means
that the model does not include district fixed effects. In Figure 11, the blue dots indicate a
positive relation between variables, a red dot indicates a negative relation. Not surprisingly,
strong positive correlations are observed between structural characteristics, such as house
area and number of bathrooms and also between number of bathrooms and number of
bedrooms.
Distance to the coast is positively correlated to distance to canals (as canals are an open
system and thus part of the coastline) and negatively correlated to house area and beach
view: when distance to the coast increases houses tend to get smaller and beach view rare
(Figure 11). Besides the correlation with distance to coast, distance to canals is negatively
correlated to distance to reefs.
Based on the correlation analysis, distance to coast is excluded from the analysis because
it is a highly collinear ‘container variable’, which most likely combines the effects of
distance to canals, beach view and waterfront view. Bedrooms and bathrooms are not
considered either because of their strong correlation with house area. This is confirmed by
high variance inflation factors (> 3) when these variables are included in the model
estimates.

Figure 11 - Correlation plot between independent variables considered for the hedonic pricing model.

Table 10 shows the estimates of the hedonic pricing model. It is specified as a log-log
linear regression model, where the dependent variable (house price), as well as the
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continuous independent variables, are log-transformed (using the natural logarithm). First,
a set of models is estimated with the environmental location variables (distance to reef,
distance to mangroves, distance to canals) as sole independent variable. Distance to reef
has no significant effect on the house price and is therefore excluded from the full model.
Distance to mangroves and distance to canals are significant in all models, also in
combination with each other. This means that, even when holding the distance to canals
constant for all houses, an increasing distance to mangroves has a negative effect on
house prices. The full model has an adjusted R2 of 0.75, which indicates that the variance
of the natural logarithm of house prices that is explained by the independent variables in
the model is 75%.
All models are estimated using R statistics software. For log-log models, a 1% increase of
an independent variable yields a change of the coefficient*1% of the dependent variable.
For example, Table 10 shows that house area has a strong positive effect on house price,
as a 1% increase in house area leads to a 0.94% increase in house price.
The overall statistically insignificant relation between house prices and distance to coral
reefs was further explored in a sensitivity analysis (Annex 4 and 5). Annex 4 shows model
estimates for subsets of the data per district; Annex 5 shows estimates for subsets with
low and high real estate.
Table 10 - Log-log OLS estimate for the hedonic pricing model.

Canals
Intercept

Mangroves

Coefficient

St. error

Coefficient

St. error

Coefficient

St. error

14.17***

0.11

14.24***

0.18

5.25***

0.40

0.94***

0.36

0.15***

0.04

-0.10***
-0.04**

0.01
0.02

0.86***
0.24***

0.05
0.07

**

Housing features
Surface area house/apartment
(log sq.ft.)
Surface area land (log sq.ft.)
Environmental amenities
Distance to canals (log ft.)
Distance to mangroves (log ft.)
Beach view (cat.)
Waterfront view (cat.)
n
Goodness of fit statistics
Adjusted R2

Full model

-0.14***

0.01
-0.17***

0.03

686

686

686

0.11

0.05

0.75

The most important conclusion that can be drawn from the sensitivity analysis using
separate districts and different segments of house prices is that the distance to reefs is not
significant for any of them.
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3.6.3 Economic value
To calculate the amenity value of the two significant environmental location variables
(distance to mangroves and distance to canals), we apply the hedonic pricing function
(Table 10). This model is used to predict the sum of house values in the dataset for the
current situation and for a scenario where the mangrove ecosystem has retreated by 1,000
feet until a maximum of 6,800 feet (i.e. for each house, the distance to the nearest patch
of mangroves has increased by 1,000 feet), while holding all other variables in the hedonic
pricing function constant. The column ‘predicted sum house values’ shows the estimates
per scenario. The difference between the predicted sum and the predicted sum of the
baseline is the amenity for the mangrove scenarios. In comparison to the ‘Less mangroves’
scenario, the current stock of mangroves on Grand Cayman yields an amenity value of
almost US$26.5 million for houses in the CIREBA dataset.
Table 11 - The modelled amenity value of mangroves for houses in the dataset following the hedonic
pricing function (US$)

CIREBA dataset
Baseline

Observed sum house
values

Predicted sum house
values

$612,945,424

$557,849,803

Less mangroves

$531,346,815

Amenity mangrove
distance + 1000 ft.

$26,502,988

The next step in the analysis is to extrapolate the results and quantify the amenity value of
mangroves to all houses on Grand Cayman. The total population in 2016 is estimated at
63,816 based on the extrapolation of 2012 data from the Economics and Statistics Office
(2016). By dividing the total population by the average number of people per household
(i.e. 2.11; Schutter, 2014), it is estimated that there are 30,244 households in Cayman
Islands. Because 4.5% of the households is located on the sister islands and the hedonic
pricing model only applies to houses on Grand Cayman, the number of houses used for
extrapolation is 28,883 (95.5% of all houses in the Cayman Islands). Hence, the estimates
presented in Table 11 are divided by 686 to obtain the amenity value per house, and
subsequently multiplied by 28,883 to obtain the amenity for all houses on Grand Cayman
(Table 12). The amenity value of mangroves is estimated at approximately US$1.1 billion7.
Table 12 - Quantified estimates of the amenity value of mangroves for houses on Grand Cayman

Quantification
Baseline
Less mangroves

Observed sum
house values

Predicted sum house
values

$25,807,147,000

$23,487,428,000
$22,371,560,000

Amenity mangrove
distance + 1000 ft.

$1,115,869,000

7

Because real estate transactions are subject to a stamp fee of 7.5% of purchase price (or higher,
depending on the property house), changes in the amenity value of properties are directly linked to
government revenue created through this duty.
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3.6.4 Value map
A value map was developed by a spatially explicit application of the hedonic pricing
function for mangroves. The effect of the distance to mangroves on house prices is
estimated by assuming that the structural housing characteristics are evenly distributed
across houses on Grand Cayman. If a location on the map is further away from mangroves,
the negative effect on the house price increases.
The final step is to distribute the estimated amenity value of mangroves for Grand Cayman
(Table 12) over the dimensionless raster layer. The result is presented in Figure 12. The
amenity value per hectare on Grand Cayman ranges from less than US$200,000 to over
US$1,500,000. The highest values are assigned to mangrove patches in Georgetown and
to a lesser extent in West Bay.

Figure 12 - Amenity value of mangroves on Grand Cayman per hectare. Source data for mangroves is
obtained from the DoE habitat map

39

3.7 Tourism value
3.7.1 Methods
Tourism is one of the main industries in the Cayman Islands (Cayman Islands Government,
2011). Tourists are strongly attracted by the white beaches, coral reefs, fish diversity and
other attributes of the marine environment of the islands. As an illustration, the exit survey
conducted by the Cayman Islands Department of Tourism (CIDOT) between July 2015 and
June 2016 reveals that 87.9% of visitors in the country go to the beach (CIDOT, 2016).
The services provided by marine ecosystems to tourism can be classified as direct and
indirect values. Direct tourism values are created by services that depend directly on
natural ecosystems, such as diving and snorkelling (Schep et al., 2012). Direct values to
tourism are a result of activities in which tourists directly interact with the natural
environment, such as diving, recreation on the beach, etc. Indirect values to tourism are
values that result from other economic activities that facilitate the interaction of tourists
with the natural environment, such as accomodation, car rental and food suppliers.
The approach adopted to assess the value of marine and coastal ecosystems to tourism
in the Cayman Islands is based on the economic surplus of consumers and producers. The
economic surplus is the total net benefit generated, in this case, from tourism activities.
The consumer surplus is the net benefit that tourists obtain from visiting the Cayman
Islands and the producer surplus represents the net benefits for the local tourism industry
when considering its total revenue and costs. For the purpose of this study, the analysis
focuses on the part of the producer and consumer surpluses that originates from local
ecosystems.
The total tourism value of local ecosystems in the Cayman Islands is calculated as the sum
of the total consumer surplus and the total producer surplus.

3.7.1.1 Consumer surplus
The consumer surplus is calculated based on the willingness to pay (WTP) of tourists to
prevent the decline in quality of coral reefs. To estimate the WTP, Van Beukering et al.
(2014) applied a choice experiment among 326 visitors and concluded that, on average,
one tourist would be willing to pay US$23.2 per day in order to prevent decline in quality
of coral reefs from medium to low levels.
The average WTP per tourist per day is multiplied by the total number of visitors in a year
and by the average length of stay for both cruise and stay-over tourists according to data
from the visitor exit survey (CIDOT, 2016). This results in the total annual consumer surplus
of tourism in the Cayman Islands.
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3.7.1.2 Producer surplus
The estimation of the producer surplus is based on the tourism expenditure, which is the
total amount tourists spend when visiting the Cayman Islands. For the purpose of this
analysis, it is assumed that this value also represents the total revenue for the local tourism
industry. The producer surplus is therefore estimated through the net factor income
technique (van Beukering et al., 2007) and corresponds to the total revenues minus the
costs of production.
The total number of and average daily expenditure by stay-over and cruise tourists is
obtained from the visitor exit survey (CIDOT, 2016). Although this survey provides specific
information about spendings on recreational activities, it does not provide a complete
breakdown of the total daily expenditure. This analysis is therefore based on the following
expenditure categories investigated by van Beukering et al., (2014) among visitors to the
Cayman Islands: airfare, accommodation, local transportation, diving, snorkelling, fishing,
other water-based activities, land-based activities, food and beverage, shopping and
donations.
To estimate the expenditure on each of the categories mentioned above and according to
the most recent figures, the percentage of expenditure on each category estimated by van
Beukering et al. (2014) is extrapolated to the average daily estimates from the visitor exit
survey (CIDOT, 2016). This extrapolation is conducted by firstly stratifying the sample of
the visitor exit survey according to the four sub-groups defined in the former study. Thus,
the stay-over and cruise tourist groups are each divided in subgroups of diver and nondiver tourists.
The visitor exit survey was applied only to stay-over tourists and 13% of them were divers
(CIDOT, 2016). To make the stratification possible, it is therefore assumed that this
percentage is similar among the cruise tourists. It is however expected that this assumption
results in an overestimation of the number of divers among cruise tourists.
Once the total number of tourists per subcategory is obtained, the average daily
expenditure from the exit survey (US$209 for stay-over tourists and US$118 for cruise
tourists) is distributed according to the percentage of expenditure allocated to each activity
by the corresponding type of tourist, as defined by van Beukering et al. (2014).
Afterwards, the added value of tourism per person per day is calculated for each
expenditure category. Because information on the costs structure in the tourism industry
in Cayman Islands is scarce, it is assumed that 25% of the total expenditures corresponds
to the added value of the tourism industry. This estimate is based on average margins
within the tourism sector and estimates presented by Schep et al. (2012). In other words,
it was assumed that 75% of the tourists’ expenditure (i.e. the gross revenue for the tourism
industry) is used to cover the costs involved in the majority of the analyzed spending
categories. Only donations given by tourists were assumed to have an added value of

41

100%. The total producer surplus is estimated as the sum of the added values of the
different expenditure categories.
In order to assess how much of the total producer surplus corresponds to benefits
obtained from marine ecosystems, the sum of the added value was multiplied by a factor
of ecosystem dependence per activity. This percent factor used for this analysis is based
on values determined by expert judgement in previous studies (Schep et al., 2012; van de
Kerkhof et al., 2014a; van de Kerkhof et al., 2014b). By multiplying the added value by the
factor of ecosystem dependence for each expenditure category, the total producer surplus
related to local ecosystems is finally obtained; i.e., the net benefit of the tourism industry
obtained from local ecosystems.

3.7.1.3 Value map
A value map is generated to illustrate the spatial distribution of the value of the marine
environment for tourism in the Cayman Islands. This is done by allocating the consumer
and producer surplus previously estimated to those ecosystems that support these values.
In this study, available data restricts the spatial allocation of economic value only to coral
reefs. Available willingness to pay data refer explicitly to this ecosystem, and therefore, the
economic value associated to the consumer surplus is entirely allocated to it. The
expenditure data that support the estimation of the producer surplus, on the other hand,
relate to several ecosystem types. Of these ecosystems, coral reef is the only one to which
some of the analyzed expenditure categories, such as diving, can be entirely attributed.
The value map, therefore represents the consumer surplus and a part of the producer
surplus estimated in previous sections. The part of the producer surplus that cannot be
associated to any specific ecosystem type is not spatially represented.
The area and boundaries of the coral reefs in the Cayman Islands is obtained from the
benthic classification of the DoE. All coral types are included in the map, as well as
hardbottom, rubble and backreef areas connecting coral reef patches.
The consumer surplus, i.e. total WTP, is evenly allocated to all coral reef areas, since this
value does not relate to any specific location in the Cayman Islands. The part of the
producer surplus that is associated to diving activities is added to the coral reef areas, but
in this case, the value is distributed in proportion to the visits to different dive areas. This
is done by firstly obtaining the percentage of visitors and number of dives per visitor to the
different areas of analysis utilized by van Beukering et al. (2014) (see Figure 13). Then, the
economic value associated to diving in coral reefs is distributed among these different
areas proportionally to the annual number of dives per area.
Within each area of analysis (Figure 13), the corresponding economic value is distributed
over a 300-meter buffer area around the existing dive spots and within the boundaries
defined for the coral reef area. It is assumed that 300 m is the maximum radius that a diver
would be able to reach around each mooring site under normal conditions.
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Figure 13 - Different areas of Cayman Islands (van Beukering et al., 2014)

3.7.2 Results
The estimation of the total economic value of the marine and coastal ecosystems of the
Cayman Islands for the tourism industry is based on the consumer and producer surplus
results presented below.

3.7.2.1 Consumer surplus
The consumer surplus is calculated on the basis of the WTP of tourists to prevent coral
reef quality to decline from medium to low levels. This value can be interpreted as an
estimate of the value that tourists derive from their appreciation of local ecosystems, but
do not actually pay for through organized activities or travel costs required to get to the
Cayman Islands. This value is therefore additional to the monetary expenditures already
done by tourists.
The average WTP of stay-over and cruise tourists is estimated at US$23.2 per person per
day by (van Beukering et al., 2014). The average length of stay is estimated at 6.4 days for
stay-over tourists based on the latest visitor exit survey (CIDOT, 2016) and it is assumed
as 1 day for cruise tourists. Based on the exit survey, approximately 382,000 stay over
tourists and 1,603,000 cruise tourists arrive in the Cayman Islands per year.
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Table 13 - Total willingness to pay to prevent the decline of coral reefs from medium to low levels

Stay over tourists

Cruise tourists

$23.2

$23.2

6.4

1

382,374

1,603,112

$56,863,602

$37,192,198

WTP (US$/day; van Beukering et al., 2014)
Average length of stay (DoT, 2016)
Number of visitors (July 2015 – June 2016; DoT, 2016)
Total WTP (US$/year)

The total annual WTP to prevent reef quality decline is around US$ 57 million for stay-over
tourist and around US$37 million per year for cruise tourists. The consumer surplus is thus
estimated at approximately US$94 million per year.

3.7.2.2 Producer surplus
Table 14 shows the percentage of the average daily expenditure allocated to different
categories by the four types of tourists (Cruise and stay-over; diver and non-diver)
investigated by van Beukering et al. (2014). To obtain a detailed indication of the
expenditure of all the visitors to the Cayman Islands, the percent allocation of expenditure
presented in the table is applied to the total daily spending of US$209 per day for stayover tourists and US$118 per day for cruise tourists, obtained from the visitor exit survey
in the Cayman Islands (CIDOT, 2016).
Table 14 - Expenditure allocation based on the survey conducted by van Beukering et al. (2014)

Expenditure category

Stay over tourist

Cruise tourist

diver

Non-diver

diver

Non-diver

1. Airfare

36%

37%

0%

0%

2. Accommodation

22%

28%

0%

0%

2%

2%

2%

3%

11%

0%

53%

2%*

5. Snorkeling

4%

0%

5%

7%

6. Fishing

0%

3%

0%

0%

7. Other water-based activities

0%

0%

4%

10%

8. Land based activities

0%

1%

2%

10%

19%

25%

12%

28%

10. Shopping

6%

3%

17%

38%

11. Donations

0%

0%

4%

3%

100%

100%

100%

100%

3. Transportation
4. Diving

9. Food and beverage

Total

*Respondents who did not identify themselves as divers, but spent money in diving activities.
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Table 15 - Added value and net ecosystem benefit from stay-over tourists in the Cayman Islands (US$)

Expenditure by stay-over
tourists (including taxes)

Factor of
ecosystem
dependence

Added value

Net ecosystem
benefit

Diver

Non-diver

Diver

Non-diver

1. Airfare

30%

$18.7

$19.1

$5.6

$5.7

2. Accommodation

50%

$11.6

$14.7

$5.8

$7.3

3. Transportation

50%

$1.1

$1.1

$0.6

$0.5

4. Diving

100%

$5.5

$0.2

$5.5

$0.2

5. Snorkeling

100%

$2.0

$0.2

$2.0

$0.2

6. Fishing

50%

$-

$1.7

$-

$0.9

7. Other water-based activities

50%

$0.1

$0.2

$-

$0.1

8. Land based activities

50%

$0.1

$0.3

$-

$0.2

9. Food and beverage

25%

$10.1

$13.2

$2.5

$3.3

10. Shopping

25%

$3.1

$1.6

$0.8

$0.4

11. Donations

50%

$-

$-

$-

$-

Total per person per day

-

$52.2

$52.2

$22.8

$18.8

Total per year (total number of
tourists times average length of
stay)

-

$16.6
million

$111.4
million

$7.3
million

$40.1
million

Table 16 – Added value and net ecosystem benefit from cruise tourists in the Cayman Islands (US$)

Expenditure by cruise
tourists (including taxes)

Factor of
ecosystem
dependence

Added value

Net ecosystem
benefit

Diver

Non-diver

Diver

Non-diver

1. Airfare

30%

$-

$-

$-

$-

2. Accommodation

50%

$-

$-

$-

$-

3. Transportation

50%

$0.7

$0.9

$0.4

$0.4

4. Diving

100%

$15.7

$0.6

$15.7

$0.6

5. Snorkeling

100%

$1.5

$2.0

$1.5

$2.0

6. Fishing

50%

$-

$-

$-

$-

7. Other water-based activities

50%

$1.0

$2.9

$0.5

$1.4

8. Land based activities

50%

$0.5

$3.0

$0.3

$1.5

9. Food and beverage

25%

$3.6

$8.1

$0.9

$2.0

10. Shopping

25%

$5.0

$11.1

$1.2

$2.8

11. Donations

50%

$5.2

$3.0

$2.6

$1.5

Total per person per day

-

$33.3

$31.6

$23.1

$12.3

Total per year (total number
of tourists times average
length of stay)

-

US$6,9
million

US$44,1
million

US$4,8
million

US$17,2
million

45

The added value, or net benefit obtained by the tourism industry from the tourists’
spending, is assumed to be equivalent to 25% of all the expenditure categories, except for
donations, on which the added value is assumed to equal 100%. The net benefit that
relates specifically to local ecosystems is furthermore estimated by using a factor of
ecosystem dependence per expenditure category.
To obtain the added value and net ecosystem benefit for the entire tourism industry, the
results presented in Table 15 and Table 16 are multiplied by the average length of stay of
the different tourist types (i.e. 6.4 days for stay-over and 1 for cruise tourists) and by the
number of visitors per year (as presented in Table 13).
In total, the added value derived from stay-over tourists is estimated at US$128 million per
year (Table 15), while the added value associated to the expenditure of cruise tourists is
estimated at US$51 million (Table 16). If these figures are aggregated, the added value that
is created by the entire tourism industry in the Cayman Islands can be estimated at almost
US$180 million per year.
When applying the factor for ecosystem dependence, the net ecosystem benefit
associated to stay-over tourists is calculated at around US$47 million per year and the
total net ecosystem benefit linked to cruise tourists results in approximately US$22 million
per year. In total, the producer surplus for the tourism industry from local ecosystems is
estimated to be around US$69 million per year (Table 17). These results suggest that
almost 40% of the US$180 million created as added value by the tourism industry every
year in the Cayman Islands can be attributed to local ecosystems.
Table 17 – Net ecosystem benefits in the tourism industry (US$ per year)

Stay over tourists

Cruise tourists

$7,277,900

$4,811,500

Non-diver

$40,058,000

$17,160,400

Total producer surplus

$47,335,900

$21,971,800

Diver

3.7.3 Total tourism value
Table 18 presents the main results of the economic value of marine and coastal
ecosystems for tourism in the Cayman Islands. Based on the producer surplus and
consumer surplus previously estimated, the total tourism value of local ecosystems results
in approximately US$163 million per year. The table below presents the results for stayover and cruise tourists, revealing that stay-over tourist create almost twice as much value
in the tourism industry as cruise tourists when it comes to nature-related activities.
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Table 18 - Total annual value of local ecosystems for tourism in the Cayman Islands (US$ per year)

Stay-over tourists

Cruise tourists

Total

Consumer surplus (total WTP)

$56,863,600

$37,192,200

$94,055,800

Producer surplus

$47,335,900

$21,971,800

$69,307,700

$104,199,500

$59,164,000

$163,363,500

Total annual tourism value

Table 19 presents the tourism value that relates to coral reefs, which correspond to the
only ecosystem type on which a part of the economic value for tourism can be spatially
allocated with the available data. As mentioned in the methods, the total value of the
consumer surplus (around US$94 million per year) is attributed to coral reefs because the
WTP used for the consumer surplus relates specifically to this ecosystem type. From the
producer surplus, only the economic value that comes from the tourists’ expenditure in
diving (around US$6 million per year) is directly allocated to coral reef areas. Therefore,
only around 60% (approximately US$100 million) of the total economic value of local
ecosystems for tourism has an explicit spatial representation.
Table 19 - Spatial allocation of the tourism value of marine and coastal ecosystems in the Cayman
Islands (US$ per year)

Spatial unit

Consumer surplus (WTP)

Producer surplus

$94,055,800

$6,247,500 *

Coral reef area
* Economic value associated to diving by tourists.

As previously described, the value associated to the consumer surplus is evenly distributed
over the coral reef area. The value related to the producer surplus, on the other hand, is
proportionally distributed according to the number of dives by stay-over and cruise tourists
across a buffer area around existing dive-spots and within the coral reef boundaries. Based
on the percentage of divers derived from the visitor exit survey (CIDOT, 2016), it is
estimated that approximately 50,000 stay-over and 200,000 cruise visitors dive every year
in the Cayman Islands.
Table 20 shows the number of dive spots obtained from the dataset of the DoE, classified
into the focus areas defined by van Beukering et al. (2014). The average number of dives
per spot per year, in each of these focus areas, is extrapolated from the results of the
tourist survey conducted by van Beukering et al. (2014) to the total number of stay-over
and cruise diver tourists derived from the visitor exit survey (CIDOT, 2016)8. The resulting
value is used to proportionally allocate the producer surplus value to each focus area.

8

As described in the methods section, the number of cruise tourists that dive in the Cayman Islands is
likely overestimated due to lack of specific data on this group.
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Table 20 - Number of dive spots per area and average number of dives per spot per year, based on
estimates of stay-over and cruise visitors that dive in the Cayman Islands

Island

Grand
Cayman

Little
Cayman

Cayman
Brac

Areas

Number of dive
spots per area

Average number of
dives per spot per
year*

East End

50

793

North Side (incl. stingray city sandbar
and north sound)

61

781

South Side

46

446

West Side (incl. Kittiwake)

87

5.464

Bloody Bay

26

516

Elsewhere on North Side LC

15

521

South Side LC

25

112

North Side CB (incl. Capt. Keith Tibbets)

40

-

South Side CB

28

-

* The West Side of Grand Cayman holds a substantially higher number of dives than other areas because,
according to the survey (van Beukering et al., 2014), this is the most visited diving area among cruise
tourists.

Figure 14 - Spatial representation of the tourism value in coral reef areas in the Cayman Islands
(approximately 60% of the total tourism value is spatially represented)
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The areas of coral reef with the highest number of dives per spot are located on the West
Side of Grand Cayman, where approximately 67% of stay-over diver tourists and 92% of
cruise diver visitors go diving (van Beukering et al., 2014). As a result, the highest tourism
value per hectare in all the Cayman Islands is also observed in this area of Grand Cayman
(Figure 14). In Little Cayman, the areas with the highest monetary value per hectare are in
the North Side of the Island, e.g. dive spots in Bloody Bay.

3.8 Cultural and recreational value
3.8.1 Methods
Cultural ecosystem services correspond to “the nonmaterial benefits people obtain from
ecosystems through spiritual enrichment, cognitive development, reflection, recreation and
aesthetic experiences” (MA, 2005, p. 10). In this study, we focus on the local benefits from
recreational and cultural services provided by marine and coastal ecosystems in the
Cayman Islands.
The valuation of cultural and recreational services conducted in this study builds upon the
results of previous research conducted by Schutter (2014), which estimates the willingness
to pay (WTP) of residents for better enforced and expanded MPAs in the Cayman Islands.
Therefore, the results obtained through this analysis are only limited to a scenario of MPA
enhancement and, in contrast with the baseline values estimated for other services, the
value of cultural and recreational services does not represent the current situation in the
Cayman Islands. Despite the lack of data to reflect the current situation in relation to
recreational and cultural benefits, this analysis is useful to represent potential changes in
value between the scenarios compared in the CBA described in the next chapter.
To estimate the WTP for better enforced and expanded MPAs, Schutter (2014) uses two
stated preference approaches, namely: contingent valuation and choice modelling.
However, since Schutter (2014) concludes that the WTP results obtained through the
choice experiment are unrealistically high due to the extrapolations of the model, the
valuation presented in this report only uses the WTP obtained from the contingent
valuation. The choice experiment still provides relevant information, such as the relative
importance of different natural aspects in relation to the WTP of respondents, but in this
report, these findings are used only for descriptive purposes.
In total, the contingent valuation study by Schutter (2014) surveyed 384 households. In the
survey, respondents were asked whether they were willing to pay for a better enforcement
and expansion of MPAs in the Cayman Islands or not. If the answer was positive, they were
asked about their maximum monthly WTP for such an improvement. The WTP was asked
in an open question, so the interviewees could answer freely the amount they were willing
to pay considering their income.
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The WTP estimates obtained through the contingent valuation are consistent with the
topics inquired in the context of the survey. Therefore, these results refer specifically to the
influence of a protected marine environment on the enjoyment of local recreational and
cultural activities such as fishing, going to the beach, sailing, swimming, diving and
snorkeling. Although the average WTP was positive on each of the three islands, an ANOVA
test applied by Schutter (2014) shows that there is significant difference between the WTP
among residents in the three islands. The WTP used for this study is the average WTP for
the Cayman Islands.
To estimate the total cultural and recreational value of the improved enforcement and
expansion of the MPAs of the Cayman Islands, the per capita values derived from the study
conducted by Schutter (2014) are extrapolated to the entire population in the territory. The
total population in the Cayman Islands in 2016 is calculated with data from the Economics
and Statistics Office of the Cayman Islands Government (2016). The total population in
2016 is obtained from 2012 estimates, which are extrapolated by using the average
population increase of 4% per year observed during the period between 1980 and 2012.
Finally, the total population estimated for 2016 is multiplied by the average WTP per person
derived from the study conducted by Schutter (2014).

3.8.2 Results
The recreational activities included in the household survey conducted by Schutter (2014)
to assess the cultural and recreational value of marine ecosystems are fishing, going to the
beach, boating, sailing, kayaking, swimming, wading, diving and snorkelling. Figure 15
shows the average number of times per year that people living the Cayman Islands
participate in each activity and reveals that the most common recreational activities related
to marine ecosystems in Cayman Islands are swimming/wading and going to the beach.
From the respondents to the survey performed by Schutter (2014), approximately 62%
answered “yes” when asked whether they were willing to pay for better enforcement and
expansion of MPAs in the Cayman Islands. The analysis per island illustrated in Figure 16
suggests that the percentage of respondents willing to pay is the highest in Little Cayman
(85% of 34 respondents), which is followed by Cayman Brac (63% of 97 respondents) and
Grand Cayman (58% of 109 respondents). Statistical tests applied by Schutter (2014) show
significant differences between the answers of respondents in Grand Cayman and Little
Cayman, and Cayman Brac and Little Cayman (p<.001). However, no significant
differences are observed between Grand Cayman and Cayman Brac.
From the respondents that stated that they would not be willing to pay for better
enforcement and expansion of MPAs, the majority (65%) specified that they could not
financially afford such contribution, and a further 16% indicated that this should be paid
from existing tax revenues (Schutter, 2014).
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Figure 15 – People’s participation in recreational activities in the Cayman Islands (Schutter, 2014)
100%
15%
80%

42%

37%

60%

Yes
85%

40%
58%

63%

Grand Cayman

Cayman Brac

No

20%

0%
Little Cayman

Figure 16 - Answers to the question: Are you willing to pay for better enforcement and expansion of
MPAs in the Cayman Islands? (Schutter, 2014)

Considering all the respondents to the survey, the contingent valuation conducted by
Schutter (2014) estimates an average monthly WTP for better enforcement and expansion
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of MPAs of approximately US$15.469 per household in the Cayman Islands. The statistical
analysis of this value per island shows that the monthly amount that people are willing to
pay is significantly different in the three islands, being Little Cayman the one with the
highest WTP (p<.001).
To estimate the total WTP for better enforcement and expansion of MPAs, we use the total
population in the Cayman Islands in 2016 and an average number of people per household
of 2.11 (Schutter, 2014). The total population in 2016 is estimated at 63,816, based on the
extrapolation of available data from 2012 (Economics and Statistics Office, 2016). By
dividing the total population by the average number of people per household, the total
number of households in the Cayman Islands is estimated at 30,244. Finally, by multiplying
the number of households by the average WTP per household, the total WTP in the
Cayman Islands is estimated at approximately US$5.6 million per year (Table 21). In this
study, this estimate represents the value associated with recreational and cultural
ecosystem services of strengthened MPAs, through further enforcement and expansion.
As explained in the methods, the choice modelling approach applied by Schutter (2014)
reveals the WTP of residents for each attribute of marine ecosystems. According to the
panel error correction and logit model for the ‘attributes only model’ and ‘complete model’
applied, the attribute that households are willing to pay more for is the good quality of coral
reefs.
Table 21 - Annual Recreational and Cultural Value

Recreational and cultural ecosystem services
Population in Cayman Islands
Average number of people per household
Average monthly WTP per household
Total annual value

63.816
2.11
$15.46
$5.612.189

It should be noted that double counting in the estimation of the economic value of
recreational fishing (estimated in section 3.2) and total cultural and recreational value could
be expected to occur. However, the model constructed by Schutter (2014) shows that the
fish catch has a significant effect on the WTP of residents only in Cayman Brac, and in this
case, it has a weak influence on the logit transformation compared with other explanatory
variables. This suggests that the economic value of better enforcement and MPA
expansion accounts mainly for cultural and recreational activities, other than fishing.

9

Conversion rate: US$1= CI$0.82 (XE, 2016).
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3.9 Overview of the economic value of ecosystem services in the
Cayman Island
The previous sections present the monetary valuation of the services provided by local
ecosystems to coastal protection, carbon sequestration, tourism, amenity, pharmaceutical
products, fisheries, and culture and recreation. All the estimated values correspond to the
current supply of ecosystem services on an annual basis, except for the cultural and
recreational value and the amenity value. The cultural and recreational value stands for the
potential value allocated by households to local ecosystems under better MPA
enforcement conditions and expanded MPAs. The amenity value, on the other hand,
corresponds to an absolute value that is not expressed on a yearly basis.
While some of the evaluated services are provided by a broad range of marine and coastal
ecosystems, there are others that can be delivered exclusively by one type of ecosystem
(Table 22). The value of fisheries refers to coral reef fish, but is at the same time influenced
by other ecosystems that provide food and shelter or serve as nursery for fish populations.
The tourism and the cultural and recreational values can be attributed to a broad range of
ecosystems, including coral reefs, beaches and mangroves. The amenity value is
completely associated to mangroves. Carbon sequestration can be allocated to
mangroves and seagrass beds. The coastal protection and the pharmaceutical values
estimated in this study are exclusively linked to coral reefs.
As a summary of the economic valuation, Table 22 presents the total annual value of the
current supply of the ecosystem services considered in the study. In total, these services
currently contribute at least US$179 million10 per year to the Cayman Island’s economy.
As shown in Table 22 the tourism value of nature represents, by far, the largest contribution
of marine and coastal ecosystems to the economy of the Cayman Islands at present. This
value corresponds to 91% of the total economic value of ecosystem services analyzed
under the current situation. A further 8% of the economic value of marine and coastal
ecosystems is given by the coastal protection capacity of coral reefs, 4% by the
pharmaceutical use of products derived from coral reefs (of which 65% corresponds to the
private income of a foreign company), 1% by fisheries and <1% by the carbon
sequestration potential of mangroves and seagrass.

10

This can be considered a lower bound estimate of the total annual value of ecosystem services, since
this figure excludes the amenity value of mangroves (for which an annual value is not estimated in this
chapter) and the cultural and recreational value of marine and coastal ecosystems (for which the annual
value is not estimated in the current situation).
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Table 22 - Overview of the economic value of the current supply of the ecosystem services assessed in
this study (millions US$ per year)

Ecosystem service or value

Relevant ecosystems

Total annual value of
current supply (millions
US$)

Fisheries

All marine and coastal
ecosystems

Pharmaceutical value

Coral reefs

$2 - 14

Coastal protection

Coral reefs

$6

Amenity value

Mangroves

n.a.*

Carbon sequestration

Mangroves and seagrass

< $1

Tourism value

All marine and coastal
ecosystems

$163

Cultural and recreational value

All marine and coastal
ecosystems

n.a.**

Total annual economic value of marine and coastal
ecosystem services

$2

$179

* The amenity value (US$1.1 billion) is not estimated on an annual basis and therefore is not considered
in the calculation of the total annual value of ecosystem services.
** The recreational and cultural value estimated in this chapter (US$5.6 million per year) represents the
value of better MPA enforcement and MPA expansion. Therefore, this value is not included as part of
the total annual value of the current supply of ecosystem services.

All the values estimated in this chapter serve as input for the cost-benefit analysis of the
MPA enhancement. This analysis compares the value of ecosystem services under
different scenarios, namely current MPAs and enhanced MPAs, over a specific timeframe.
Except for the cultural and recreational value, all the values presented above represent the
current provision of ecosystem services. These values are common for the first year of the
analysis of all the scenarios. The cultural and recreational value is considered only in the
MPA enhancement scenario, as of the second year of analysis. In this chapter, the amenity
value (US$1.1 billion) is not estimated on an annual basis and therefore it is not considered
in the calculation of the total annual value of ecosystem services. However, for the purpose
of the calculations conducted in the cost-benefit analysis, this absolute value is divided by
the number of years under analysis. Further details on the changes in ecosystem service
provision considered in the cost-benefit analysis are presented in the next chapter
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Chapter 4:
Costs and benefits of enhancing the
Marine Protected Areas of the Cayman Islands
The main purpose of this cost-benefit analysis (CBA) is to evaluate the costs and benefits
related to an enhancement of the Marine Protected Areas (MPAs) in the Cayman Islands in
comparison with the current situation. In addition to the direct economic values included
in traditional CBAs, this extended CBA also considers possible changes in indirect use and
non-use values that are provided by ecosystem services.
Differences in costs and benefits are analyzed in four scenarios, i.e. 1A, 2A, 1B and 2B,
which are defined by alternative MPA boundaries and effectiveness of MPA management
in the Cayman Islands. The analysis considers changes in the value of ecosystem services
and costs of MPA management over a 25-year timeframe. The results of the ecosystem
service valuation are used as a starting point for the first year of the analysis (year 0).
Changes in the values of ecosystem services during subsequent years are estimated in
relation to changes in the marine environment under the various scenarios.
Once the expected changes in value have been outlined for all the ecosystem services, the
total annual economic value per scenario is estimated by firstly adding all the values per
ecosystem service and then subtracting the management costs. Thereafter, the net present
value (NPV) is calculated for the entire timeframe by using a discount rate to reflect time
preference.
The comparison of the scenarios is based on the NPV and the trends in annual value.
Differences in economic value (NPV and trends in annual value) serve to identify monetary
costs and benefits that the MPA enhancement would create to different stakeholders. It
should be noted that the MPA enhancement considers expansion of MPAs, a more precise
contouring and changes in zone designation.
Further details on the MPA enhancement plans, the methodology of the scenario analysis
and relevant parameters, and the results of the CBA are provided in the following
subsections.

4.1 Current MPAs and MPA enhancement
4.1.1 General background
The current MPA framework of the Cayman Islands was established in 1986 through the
Cayman Islands Marine Conservation Law of 1978. This framework defines marine zones
with different degrees of protection. However, the periodical monitoring of the conservation
status of the Islands’ marine resources has provided continued evidence of their
degradation (Richardson et al., 2013).
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Given the increasing threats to marine and coastal ecosystems, and after extensive
discussions with stakeholders on the Cayman Islands, the Department of Environment
(DoE) has developed plans to adapt the existing MPA framework (Richardson et al., 2013).
The proposed framework, which involves the enhancement of the MPAs, is expected to be
more effective in the protection of the islands’ natural resources to secure wellbeing of
Caymanian residents in the future.
The current MPAs and the proposed MPA enhancement are illustrated in Figure 17, Figure
18 and Figure 19. As shown in the figures, the MPA enhancement considers changes in
the zone designation, the expansion of no-take zones and a more precise contouring.
In Grand Cayman, areas currently designated as Replenishment Zones would be refined
and converted into Marine Reserves. Similarly, new Marine Reserve zones would be
established in Old Man Bay, Gun Bay, and the southern coast of the island.
In Little Cayman, the MPA enhancement also entails the refinement of boundaries and
change from Replenishment Zones and Marine Parks to Marine Reserve zones.
Furthermore, the enhancement of the MPAs in Cayman Brac would involve the
establishment of Marine Reserve zones in areas that currently lack protection, particularly
in the northern coast.
The different zones in the current MPAs and those proposed for the MPA enhancement
are further described in the subsections 4.1.2 and 0, respectively.

Figure 17 - Current MPAs (above) and proposed MPA enhancement (below) in Grand Cayman
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Figure 18 – Current MPAs (above) and proposed MPA enhancement (below) in Little Cayman

Figure 19 – Current MPAs (above) and proposed MPA enhancement (below) in Cayman Brac
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4.1.2 Current MPAs
The different zones established in the current MPAs are summarized in Table 23. The
detailed description of the regulations considered in the zonation of the existing MPAs can
be consulted in Annex 7. As presented in Table 23, the Replenishment Zone covers the
largest area of the existing MPAs, with more than 5,000 ha regulated under this zoning
category. Replenishment zone place specific restrictions on fishing techniques and
anchoring, and prohibit the extraction of conch and lobster. Other important zones in terms
of extension include the Environmental Zone, Marine Park and Grouper Spawning Zone.
These categories cover around 5,000 ha together (around 1,700 ha each). The strongest
regulation of fishing activities, diving and anchoring is implemented in the Environmental
Zone and Marine Parks. The Wildlife Interaction Zone and the No SCUBA Diving Zone are
more limited in their extension, covering around 600 ha and 300 ha, respectively.
Table 23 – Zonation of current MPAs

Zone

Regulation

Replenishment Zone

Area with specific restrictions to fishing techniques, as
well as to anchoring. Conch and lobster taking
forbidden.

Area (ha)
5,020

Grouper Spawning
Zone

Area where seasonal and fishing techniques restrictions
apply.

1,720

Environmental Zone

Area with the strongest use restrictions. Fishing and
diving are completely forbidden, as well as anchoring.

1,700

Marine Park Zone

Area with specific restrictions to fishing techniques and
locations, as well as to anchoring.

1,640

Wildlife Interaction Zone

Area with strong restrictions to the interactions with
wildlife, including the prohibition of fishing. Certain
restrictions apply also to anchoring.

590

No SCUBA Diving Zone

Area where SCUBA diving is prohibited.

310
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4.1.3 MPA enhancement
In this study, the MPA enhancement corresponds to a combination of changes in zone
designation, increase in MPA coverage and more precise contouring of MPAs. With the
MPA enhancement, changes are suggested to the zoning categories, as well as to the
regulations described for each zone (Table 24). The MPA enhancement still includes the
categories of Environmental Zone and Wildlife Interaction Zone. The Marine Parks defined
in the current MPA framework, however, become Marine Reserves in the proposed MPA
enhancement. Similarly, Line Fishing Only zones replace Replenishment Zones, and
Spawning Aggregation (SPAG) Zones replace Grouper Spawning Zones. In terms of area,
the enhancement would entail an expansion of 15% with respect to the area covered by
current MPAs11 and would double the size of no-take zones12 in the Cayman Islands.
Marine Reserves would cover the major part of the MPAs (circa 8,260 ha, 66% of the total
area of the MPA enhancement). No-Diving Zones would be the second largest in terms of
total area, with more than 2,100 ha. The area of Environmental Zones would remain
unchanged. The Line Fishing Only Zone would cover around 1,290 ha and the SPAG Zone
would cover approximately 700 ha.
Table 24 – Proposed zonation for the MPA enhancement

Zone

Regulation

Area (ha)

Marine Reserve

No take zones from shoreline and to 150 ft. depth.
(Marine Reserves will replace Marine Parks)

8,260

No Diving Zone

Areas where SCUBA diving can only be done with
permission (No Diving Zones replace No SCUBA
Diving/Restricted SCUBA Diving Zones)

2,120

Environmental Zone

Same regulation as in current MPAs

1,700

Line Fishing Only Zone

Areas where fishing is allowed, with certain
restrictions on fishing techniques (Line Fishing Only
Zones replace Replenishment Zones)

1,290

Wildlife Interactions Zone

Same as in current MPAs

520

Spawning Aggregation
(SPAG) Zone

Former Grouper Spawning Zones are reviewed and
overlaid with year-round No Diving Zones to give
comprehensive protection of aggregations. (SPAG
Zones replace Grouper Spawning Zones).

720

11

To avoid double counting, the area covered by MPA is calculated in absolute terms. Overlapping
polygons with 2 or more types of zones are considered only once for the calculation of total area.
12

The estimated area of no-take zones considers additional restrictions to fishing. The no-take zones
considered in this calculation include: Environmental Zone, Marine Park (or Marine Reserve, as in the MPA
enhancement), Wildlife Interaction Zone and Grouper Spawning Zone (or Spawning Aggregation [SPAG]
Zone, as in the MPA enhancement).
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4.2 Methodology
4.2.1 Scenarios and parameters
Potential changes in costs and benefits are analyzed through a set of four scenarios (Table
25), which are defined by the following two parameters: the area under special protection
and the degradation rates of different ecosystem types (Table 25). Scenario 1 and Scenario
2 are respectively defined in relation to the areas protected by current MPAs and the MPA
enhancement. The analysis also considers different degradation rates through two
hypothetical situations based on the effectiveness of MPA management. These
hypothetical situations are respectively indicated by A (ineffective MPA management) and
B (effective MPA management).
Table 25 – Overview of MPA scenarios used in the study

Scenarios
A. Ineffective
MPA
management

B. Effective
MPA
management

1. Current MPAs

2. MPA enhancement *

Scenario 1A

Scenario 2A

Rates of ecosystem degradation are
reduced by 10% within the boundaries
of current MPAs

Rates of ecosystem degradation s
are reduced by 10% within the
boundaries of the expanded MPA

Scenario 1B

Scenario 2B

Rates of ecosystem degradation are
reduced by 100% (no degradation in
MPAs) within the boundaries of current
MPAs

Rates of ecosystem degradation
are reduced by 100% (no
degradation in MPAs) within the
boundaries of the expanded MPAs

* The MPA enhancement encompasses changes in zone designation, increase in MPA coverage and
more precise contouring of MPAs.

The alternative management situations presented in Table 25 differ from each other in the
effectiveness to minimize the baseline rates of ecosystem degradation within the
boundaries of MPAs. The ineffective management situation entails a reduction of 10% of
the degradation rates defined in the baseline situation. The effective management, on the
other hand, represents the situation in which there is no ecosystem degradation within the
MPA boundaries (Table 26).
It is important to note that minimizing ecosystem degradation to the rates defined in the
two hypothetical management situations (i.e. scenarios A and B) will be determined by
impacts and drivers beyond the control of managers, e.g. climate change and impacts of
activities outside MPAs. With the available information at the time of writing, it is not
possible to determine whether any of these hypothetical management situations
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represents the effectiveness of the MPA management systems that are currently in place13.
In the context of this study, the use of scenarios A and B is only intended to provide a
realistic range of possible results of the MPA enhancement in the Cayman Islands,
assuming that the management of these MPAs will minimize ecosystem degradation to a
rate that falls between the extreme values proposed in scenarios A and B.
Although effective nature management within MPAs can also be expected to drive positive
changes in ecosystems outside these areas, available data do not allow to quantify this
effect14 to a full extent in the Cayman Islands. The management scenarios proposed in this
study therefore focus on the effect of management only within MPAs and do not reflect
potential improvements in ecosystems situated beyond the MPA boundaries. Degradation
rates outside the MPA boundaries are assumed as those defined for the baseline situation
(Table 26), as described below.
Table 26 – Annual degradation rates estimated for the CBA (different scenarios; inside and outside MPA
boundaries)

Average annual

Outside MPAs*

In MPAs**

degradation rate
Baseline

1A

1B

2A

2B

Coral reef

-2.20%

-1.98%

0%

-1.98%

0%

Mangroves

-3.10%

-2.79%

0%

-2.79%

0%

Seagrass

-3.10%

-2.79%

0%

-2.79%

0%

* Degradation rates are estimated with available data for the Cayman Islands, except for seagrass
degradation rates, which are assumed to be the same as those for mangroves.
** Degradation rates are estimated according to the assumptions specified for each scenario in Table 25.

The degradation rates of coral reefs in the baseline situation (Table 26) are estimated with
data compiled by Austin et al. (2014) from studies conducted in the Cayman Islands during
the period between 1970 and 2010. The analysis of the data compiled for this 40-year
period reveals an average decline in coral cover of more than 2% per year (i.e. from around
48% coral cover in 1970 to 20% in 2010). To be able to establish the link between the
decline in coral reef cover and possible changes in ecosystem service provision, the
decline in coral cover is used as a surrogate value to expected changes in coral reef area.
Thereafter, the estimated area of coral reefs is directly linked to the relevant ecosystem
services provided by this ecosystem type.

13

The Darwin initiative project (Olynik et al., 2012) analysed optimal size and area of MPAs to cover
different conservation targets according to given goals of protection in the Cayman Islands. However, the
effectiveness to minimize ecosystem degradation rates within these areas has not yet been assessed in
the Cayman Islands.
14

Spill-over effect.
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The degradation rates of mangroves in the baseline situation are estimated with data
provided by the DoE on the mangrove area in the West Side of Grand Cayman over the
period between 1976 and 2013. The degradation trends in this area are assumed to be
comparable to those in other unprotected areas of mangroves in the Cayman Islands. Due
to lack of data on seagrass degradation, the analysis of this ecosystem type is based on
the same degradation rates as for mangroves (Table 26).

4.2.2 Changes in economic value
Comparisons between the above-mentioned scenarios are based on the analysis of
changes in economic benefits and costs over a 25-year timeframe. These changes result
from different rates of ecosystem degradation in areas situated inside and outside MPAs,
either in the case of the existing MPAs framework or in the proposed MPA enhancement.
Additionally, potential management costs arising from these two scenarios (i.e. current
MPAs and MPA enhancement) are also considered in the analysis.
The benefits included in this study correspond to the economic value of the ecosystem
services presented in Table 27. In all scenarios, the results of the ecosystem service
valuation are used as the economic value in the first year of the timeframe. When no
specific information is available, the analysis of benefits in subsequent years is based on
informed estimates of changes in the value of ecosystem services over the period of the
analysis.
The parameters and assumptions that support subsequent calculations are presented in
Table 27. As described in this table, the estimation of changes in the value of fisheries
considers the indirect effects that minimizing degradation rates of coral reef and expanding
no-take zones may have on fish biomass. The average percent change in biomass due to
no-take zones is obtained from information compiled by Lester et al. (2009) for tropical
areas. This percent change is adjusted to the expected reduction in coral reef degradation
rates and the area of no-take zones added to MPAs in each scenario. The total increase in
biomass is assumed to be achieved in the 5th year of the analysis.
The pharmaceutical value associated to the extraction of coral is not expected to differ
between scenarios, since the enhancement of MPAs will not entail management
improvements in extraction sites or additional restrictions to this activity (Table 27).
The economic value associated to coastal protection, carbon sequestration and
environmental amenities, on the other hand, is assumed to change in direct relation to
changes in the area covered by specific ecosystem types (Table 27), which in turn change
according to the conditions previously defined for each scenario in Table 25, above.
As described in the previous chapter (section 3.8), available figures for cultural and
recreational ecosystem services provide an indication of the potential change in economic
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value between the current MPA scenario and the MPA enhancement scenario 15 . The
cultural and recreational value estimated in this study is therefore allocated only to the MPA
enhancement scenario (i.e. 2a and 2b). This value is assumed to decline in relation to coral
reef degradation (Table 27), as the results of the household survey used to analyse this
service show that the quality of the coral reef is the main parameter respondents are willing
to pay for (Schutter, 2014).
Table 27 – Overview of expected changes in the supply of ecosystem services over the timeframe of the
analysis (25-year)

Ecosystem service

Main assumptions on changes in ecosystem services

Fisheries

Global average percent change in fish biomass due to no take zones in
tropical areas is used as a surrogate value to biomass changes due to
better enforcement and expansion of no-take zones in the Cayman
Islands.
The global average percent change in biomass (i.e. 230%) obtained from
studies on 32 tropical no-take MPAs compiled by Lester et al. (2009) is
adjusted in proportion to expected changes in coral reef cover and the
area of no-take zones added to the MPAs in the Cayman Islands.

Pharmaceutical
value

No difference can be predicted for this value in the different scenarios

Coastal protection

The coastal protection capacity, and hence, the value of this ecosystem
service, changes at the same rates as coral reef cover

Amenity value

The amenity value of mangroves changes at the same rates as the area
covered by this ecosystem

Carbon
sequestration

The carbon sequestration capacity of mangroves and seagrasses
changes at the same rates as the area covered by these ecosystems

Tourism value

The tourism value changes at the same rates as coral reef cover

Cultural and
recreational value

The total WTP of local inhabitants for a well enforced and expanded MPA
network is used as an estimation of the cultural and recreational value in
Scenario 2. Since the majority of the activities considered in the
household survey used to estimate the WTP depend on healthy coral
reefs, this value is assumed to change in proportion to coral reef cover.
The economic value associated to current MPAs (scenario 1) is not
estimated in available surveys, and therefore, is set to ‘0’ in the
calculations.

For the estimation of MPA management costs, this analysis uses actual figures from the
current MPA framework and informed estimates for the MPA enhancement provided by
the DoE. The information provided indicates that additional budget for the MPA
enhancement is mainly required for signage, equipment, infrastructure and extra staff.

15

Through a household survey (Schutter, 2014), respondents were asked about their willingness to pay

for better enforcement and expansion of the MPAs in the Cayman Islands. Further information is provided
in section 3.8.
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Monitoring, enforcement and other management activities are not expected to require a
significant increase in budget, as major areas outside the existing MPAs are already
monitored and managed.
Since the alternative management scenarios, A and B, are defined to deal with uncertainty
about the effectiveness of current MPA management in the Cayman Islands, their budget
requirements are not considered relevant for the overall goal of this study. Furthermore,
the information available is insufficient to estimate such expenses and collecting new data
on how external factors, such as the impacts of climate change and human development,
might determine these costs is beyond the scope of this study. For these reasons,
differences in costs required for scenarios of effective and ineffective management are not
included in the CBA.

4.2.3 Net present value
The net present value (NPV) of each scenario corresponds to the accumulated net benefits,
i.e. benefits minus costs, associated with marine and coastal ecosystems in the Cayman
Islands over the pre-defined timeframe of 25 years. The results of the ecosystem service
valuation and the management costs provided by the DoE serve as the starting point for
this analysis, i.e. economic value in the first year of analysis. This economic value in the
first year of analysis is therefore the same in all scenarios.
In subsequent years, the economic value is estimated according to the changes described
in the previous section (Table 27). These changes are based on reference rates of
ecosystem degradation for areas within and outside MPAs, the area covered by MPAs and
average changes in biomass due to no-take zones.
To reflect the effects of time preference on the overall results, a discount rate is applied to
calculate the annual net benefits of marine and coastal ecosystems. The application of a
discount rate implies that a higher weight is assigned to the costs incurred and the benefits
obtained in the present rather than those in the long term. The sum of the discounted net
benefits for every year in the timeframe corresponds to the total NPV, which is used as one
of the main indicators of monetary value to compare different scenarios.
The calculation of the total NPV is synthetized in the following formula:
Y

6*-+. U/A =
WZ(

VW − #W
(1 − 0)W

Where Bi corresponds to the economic benefits in year i, Ci to the costs in year i, r is the
discount rate and i represents the year of analysis, assuming that the present year
corresponds to 1.
To analyze the effects that changes in specific parameters might have on the overall
results, a sensitivity analysis is conducted for different discount rates and different
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degradation rates of coral reef, seagrass and mangroves. The sensitivity analysis is based
on these parameters because of their importance for the calculations and the uncertainty
created by the lack of data to provide robust estimates of their value within and outside
MPAs in the Cayman Islands.

4.3 Results of the extended cost-benefit analysis
Through an extended CBA, this chapter compares costs and benefits arising from the four
scenarios previously defined according to the proposed changes in the MPAs’ boundaries
and hypothetical levels of effectiveness in MPA management. Scenarios 1 and 2 refer to
the current MPA framework and to the MPA enhancement, respectively. These two
scenarios are divided in A and B to represent the extremes of a broad range of possibilities
in terms of management effectiveness to mitigate ecosystem degradation rates. While
Scenario A reflects an ineffective MPA management that minimizes degradation rates by
10%, Scenario B represents situation with effective management in which no degradation
occurs within MPA boundaries. As noted in the methods section, the effectiveness of MPA
management can be determined by management actions, but also by impacts and drivers
beyond the control of managers, e.g. climate change and impacts of activities that take
place outside MPAs.
Table 28 – Net present value in the four scenarios analyzed in the study (millions US$; 2.5% discount
rate; 25-year timeframe; management costs included)

Scenarios*

1. Current MPAs

2. MPA enhancement **

A. Ineffective management*

$3,300

$3,320

B. Effective management*

$3,550

$3,780

* Please note that the effectiveness to minimize ecosystem degradation rates is determined by
management actions, but also by external impacts and drivers beyond the control of MPA managers.
** The MPA enhancement encompasses changes in zone designation, increase in MPA coverage
and more precise contouring of MPAs.

The main indicator of economic value used in this analysis is the net present value (NPV)
provided by each scenario over a 25-year timeframe. A general comparison of the four
scenarios shows that the combination of MPA expansion with effective management (i.e.
enhancement) offers the highest NPV (around US$3,780 million), and the scenario with
current MPAs with ineffective management would offer the lowest value (approximately
US$3,300 million) over the entire timeframe (Table 28). The differences between scenarios
2A (MPA enhancement with ineffective management) and 1B (current MPAs with effective
management), however, suggest that an ineffective management would still have an
important negative effect on the net value and this might not necessarily be outweighed by
the positive effects of the MPA enhancement.
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Table 29 – Net present value within and outside MPAs in scenarios 1 and 2 (average between ineffective
and effective management; millions US$; 2.5% discount rate; 25-year timeframe; management costs
included)

In MPAs

Outside MPAs

Total NPV

Scenario 1 – Current MPAs

$1,060

$2,370

$3,430

Scenario 2 – MPA enhancement

$1,640

$1,910

$3,550

To analyze the economic value of the MPA enhancement alone, Table 29 compares the
NPV created with current MPAs and with the MPA enhancement. The NPV in each scenario
corresponds to the average value between the effective and ineffective management
situations, estimated with a discount rate of 2.5%. As shown in Table 29, the NPV with the
MPA enhancement would be approximately US$120 million higher than the NPV created
with the current MPAs in a 25-year period (i.e. NPV of US$3,430, with current MPAs, and
US$3,550, with the MPA enhancement). This means that the net benefits to be
accumulated with the MPA enhancement over the next 25 years, could amount to US$120
million in total. Table 29 and Figure 20 also show that, while the MPA enhancement could
safeguard 46% of the total NPV (US$1,640; Scenario 2), current MPAs help protect only
31% of the total NPV (US$1,060 million; Scenario 1).
Informed estimates conferred with the DoE suggest that the annual management costs will
initially increase by approximately US$100,000 for signage, equipment, infrastructure and
extra staff to support the MPA enhancement (Scenario 2). For the purpose of analysis, the
management costs estimated in the first year are assumed to remain constant over the
entire period of analysis. As previously described, management, monitoring and
enforcement costs should not increase significantly due to the MPA enhancement, as
major areas outside the existing MPAs are already patrolled and managed.
Although most comparisons presented in this chapter are based on NPV, annual values
are additionally utilized to depict trends in the scenarios over the analysis timeframe. Figure
21 illustrates the differences in net annual benefits between the four scenarios, without
using a discount rate. As observed in the figure, if MPA management is highly effective to
minimize ecosystem degradation, the MPA enhancement (Scenario 2B) would yield
substantially higher annual benefits than the current MPAs (Scenario 1B). With ineffective
management, the benefits of MPAs are generally lower and although the differences
between the MPA scenarios become less evident in the figure, the MPA enhancement
(Scenario 2A) still provides higher benefits than the current MPA framework (Scenario 1A).
The results presented in Figure 21 therefore suggest that even with a limited management
capacity to tackle ecosystem degradation (scenarios 1A and 2A), the MPA enhancement
should be more beneficial than the current MPA framework. However, these results also
show that the effectiveness of the MPA management is essential to maximizing the annual
benefits obtained from these areas.
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Figure 20 – Percentage of the total NPV that is safeguarded by MPAs in scenarios 1 and 2 (based on the
average value between effective and ineffective management; 2.5% discount rate; 25-year timeframe;
management costs included)
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Figure 21 - Total annual net value in the four scenarios analyzed in the study (millions US$, no discount
applied)

The last two sections of this chapter (4.3.2 and 4.3.3) describe and analyze the results
presented in Figure 21 in detail. Additionally, the CBA results described below include the
analysis of changes in value of ecosystem services due to the MPA enhancement, the main
differences between current and enhanced MPAs in alternative management situations
(scenarios A and B), and the sensitivity of the overall results to changes in key parameters
and assumptions.
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4.3.1 Overview of main changes in the value of ecosystem services
This section compares the accumulated benefits offered in the current-MPAs and the
MPA-enhancement scenarios over the 25-year timeframe of analysis. The benefits
considered in the analysis correspond to the ecosystem services valued in the previous
chapter. In this section, all the values estimated in the current MPA and MPA enhancement
scenarios, represent the average of the present value obtained from the effective and
ineffective management with a 2.5% discount rate.
Figure 22 presents a breakdown of the accumulated benefits derived from ecosystem
services over the entire timeframe of analysis. In both scenarios, current MPAs and MPA
enhancement, the value that marine and coastal ecosystems have for tourism represents
the largest portion (>70%) of the total economic benefits. The remaining economic benefits
correspond mainly to the amenity value of mangroves, and the coastal protection,
pharmaceutical and fisheries values attributed to coral reefs.

Scenario 1 Current
MPAs

Scenario 2 MPA
enhancement
$0

$1,000

$2,000

$3,000

$4,000
Millions

Tourism

Amenity

Coastal prot.

Pharmaceutical

Fisheries

Cult. and recr.

Carbon seq.

Figure 22 - Present value per ecosystem service in Scenario 1 – current MPAs (left) and Scenario 2 –
MPA enhancement (average between ineffective and effective management; millions US$; 2.5% discount
rate; 25-year timeframe; MPA management costs excluded)

The value of the carbon sequestration capacity of mangroves and seagrass is relatively
minor in comparison with other benefits analyzed in the study and represents around 0.1%
of the total benefits of both scenarios (Figure 22). The cultural and recreational value of
marine and coastal ecosystems is only estimated for Scenario 2 (MPA enhancement), and
represents the expected change in value due to the MPA enhancement with respect to the
current MPA framework (Scenario 1). For Scenario 1, the cultural and recreational value is
not estimated, as this was not part of the scope of the survey used as a reference for the
study (Schutter, 2014). This value is consequently set as “0” in this scenario (Figure 22).
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Figure 23 - Absolute (a) and relative percent (b) change in present value of benefits derived from the
MPA enhancement (average present value of effective and ineffective management; 25-year timeframe;
2.5% discount rate; millions US$)
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The sum of the present value of all the ecosystem services (i.e. benefits) described above
represents around US$3,460 million in Scenario 1 (current MPAs) and US$3,580 in
Scenario 2 (MPA enhancement)16. The consequent increase in benefits associated to the
MPA enhancement, estimated with a 2.5% discount rate, results in approximately US$125
million over the entire analysis timeframe.
As depicted in Figure 23, the difference between scenarios 1 and 2 includes an absolute
increase in the present value of tourism by approximately US$57 million (2% increase), in
the cultural and recreational value by around US$54 million (unknown percent increase), in
the value of fisheries by around US$11 million (17% increase) and in the coastal protection
value by approximately US$2 million (2% increase) over the whole analysis timeframe.
Changes in the present value of carbon sequestration and the amenities offered by
mangroves to local properties are minor in comparison to the other changes in value. The
pharmaceutical value, on the other hand, is not expected to change between scenarios
(Figure 23).
Changes in the provision of ecosystem services that will occur as a result of the MPA
enhancement are likely to affect several stakeholders in the Cayman Islands. Based on the
changes presented in Figure 23, stakeholders from the tourism sector (e.g. tour operators,
hotel and accommodation, food and catering, etc.) could be the largest beneficiaries of the
MPA enhancement in absolute terms. This increase in benefits provided by nature,
however, would represent only a 2% increase in present value compared with the current
situation.
Local inhabitants are also important beneficiaries of the potential increase in the cultural
and recreational value associated to the MPA enhancement (Figure 23). As described in
the previous chapter (section 3.8), however, the study that is used as a basis to estimate
this value (Schutter, 2014) only examines the willingness to pay for better enforcement and
enhancement of MPAs. Therefore, it is uncertain whether the absolute increase in the
cultural and recreational value associated to the MPA enhancement would represent a
significant percentage of the present value provided by the existing MPAs (Figure 23).
Although the absolute change in present value of fisheries is lower than the increase in
tourism and cultural and recreational values, this represents the highest relative increase
in present value (17%) with respect to Scenario 1 (current MPAs). Despite the limitations
that new no-take zones might represent for fishermen, the positive effect of the
enhancement of these areas in terms of fish biomass can extend beyond the areas where

16

MPA management costs are not included in these estimates. The MPA enhancement encompasses

changes in zone designation, increase in MPA coverage and more precise contouring of MPAs.
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fishing restrictions are implemented17. Therefore, fishermen that benefit from subsistence
and small-scale commercial fishing, as well as local inhabitants that enjoy recreational
fishing, can still be expected to perceive a significant relative gain with the MPA
enhancement in the Cayman Islands (Figure 23).
In addition to the gains described above, all types of stakeholders in the Cayman Islands
can potentially benefit from the MPA enhancement because of the increase in present
value of the coastal protection services to properties and infrastructure due to the
additional protection offered by a healthier coral reef.
Although the additional protection of carbon pools with the MPA enhancement can
potentially benefit the Cayman Islands Government and other stakeholders, such as the
international community, Figure 23 suggests that the difference between scenarios 1 and
2 would be very small in comparison with the changes expected in other benefits.
In addition to the benefits described above, the following two sections analyze the
economic value that can be associated to the current MPAs and the MPA enhancement
scenarios including management costs. The net benefits of these MPA scenarios are
separately presented for the two hypothetical scenarios, A and B, defined in relation to the
effectiveness of management.

4.3.2 Change in net benefits in the case of effective management (MPA
management scenario B)
4.3.2.1 Net present value
Scenarios 1B and 2B describe the hypothetical situation in which MPA management is
sufficiently effective to completely tackle ecosystem degradation inside MPAs. As
previously presented in Table 28, under effective management, the current MPAs (Scenario
1B) would offer a NPV of approximately US$3,550 million. The MPA enhancement
(Scenario 2B), on the other hand, would provide approximately US$3,780 million in NPV. If
MPA management is effective to tackle ecosystem degradation, the MPA enhancement
would therefore determine an increase in NPV of around US$230 million over the whole
25-year timeframe18.

17

Based on the results of 32 studies compiled and analyzed for tropical no-take zones (Lester et al.,

2009), the estimated increase in biomass due to no take zones can reach values between 150% and
300%, which can benefit areas within and beyond the boundaries of these MPAs. For the calculations of
the economic value of the MPA enhancement, this CBA uses a global average of 230% increase in
biomass in no-take zones. Further information is provided in the methods section.
18

Estimated with a discount rate of 2.5%.

71

Billions

$4.0
$3.5
$3.0

NPV

$2.5
$2.0

2B

$1.5

1B

$1.0
$0.5
$2.5%

5.0%

7.5%

10.0%

12.5%

15.0%

Discount rate

Figure 24 - Total NPV with effective MPA management in scenarios 1B and 2B (billions US$; different
discount rates; 25-year timeframe)

When using different discount rates, the NPV estimated for the MPA enhancement is
consistently higher than the one estimated for the current MPAs’ scenario (Figure 24). This
means that despite the lower importance given to future costs and benefits with higher
discount rates, the MPA enhancement (Scenario 2B) yields a higher NPV than the current
MPAs (Scenario 1B). The use of higher discount rates minimizes the difference in NPV
between scenarios, but even in the most exaggerated and unrealistic case of using a
discount rate of 15%, the MPA enhancement (Scenario 2B) offers US$66 million more than
the current MPAs (Scenario 1B) over the 25-year analysis timeframe.
Since the baseline rates of ecosystem degradation are the basis to analyze the
effectiveness of MPA management, potential uncertainties in the estimation of these rates
can be expected to have influence on the results of the extended CBA. As previously
described, the baseline degradation rates used in this analysis are estimated with local
information, but the available datasets are not sufficiently comprehensive in terms of
ecosystems, timeframes and spatial extension considered. To illustrate potential effects
these data gaps could have on the total NPV and to give an indication of the robustness
of the results, a sensitivity analysis is performed. This analysis considers the potential
variation in the NPV derived from different baseline degradation rates of coral reefs,
mangroves and seagrass (Figure 25).
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Figure 25 – Sensitivity of the results to different rates of ecosystem degradation (total NPV; billions US$;
2.5% discount rate; 25-year timeframe; Scenario B of effective MPA management)
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As expected, the NPV decreases with higher degradation rates of all the ecosystems
considered in the analysis. However, Figure 25 shows that the degradation of coral reefs
has the highest impact on the NPV. If degradation rates of coral reef are assumed at -15%
per year, the NPV is estimated to become 14% to 25% (in scenarios 2B and 1B,
respectively) lower than that estimated with degradation rates of -1%. In the case of
mangroves, the same difference in degradation rates, i.e. -15% and -1% per year, entails
a difference in NPV of around 20% in both MPA scenarios (1B and 2B). For seagrass,
however, the same difference in degradation rates represents a decrease in total NPV of
only around 5%, also in both MPA scenarios (1B and 2B). The higher sensitivity of the
results to the degradation of coral reefs and mangroves is explained by the several values
associated to these ecosystem types, including the tourism, cultural and recreational,
fisheries and coastal protection values associated to coral reefs and the amenity, carbon
sequestration and tourism values derived from mangroves.
The sensitivity analysis of scenarios 1B (current MPAs) and 2B (MPA enhancement) with
different rates of ecosystem degradation also show that the difference between these
scenarios is more sensitive to the degradation rate of coral reef, rather than the degradation
of mangroves or seagrass (Figure 25). Depending upon the degradation rate of coral reef,
Scenario 1B (current MPAs) is estimated to yield an NPV that is between 5% (with -1%
degradation rate of coral reef) to 16% (with -15% degradation rate) lower than the one
obtained in Scenario 2B (MPA enhancement). The sensitivity of the results to coral reef
degradation is explained by the substantial increase in area of this ecosystem type to be
additionally protected in the MPA enhancement with respect to the current MPAs. This
increase in protection exacerbates the positive effects estimated in the MPA enhancement
scenario, particularly when high degradation rates are completely minimized in MPAs.
If alternative rates of degradation of mangroves and seagrass are used, on the other hand,
the difference in NPV between scenarios 1B and 2B is relatively constant (ranging between
6% and 7% difference in NPV). This is because the areas of mangroves and seagrass
protected in current MPAs and the MPA enhancement are relatively similar, hence the
smaller differences between scenarios. These differences are illustrated in Figure 25, while
the exact figures used to calculate the percent change in NPV are provided in Annex 8.

4.3.2.2 Annual net value
Under the effective management situation, the higher economic value of the MPA
enhancement in comparison with the current MPAs is confirmed by the analysis of net
annual values shown in Figure 26. With no discount applied, the net annual value obtained
in Scenario 2B (MPA enhancement) is higher than the one in Scenario 1B (current MPAs)
during the entire timeframe, except for the first year of analysis (i.e. baseline year).
In the second year of analysis, the increase in annual net value in Scenario 2B (MPA
enhancement) reflects the additional WTP of local households for the MPA enhancement

74

and improved management. From year 2 onwards, both scenarios show a decreasing trend
due to the continuous ecosystem degradation outside MPAs. With the MPA enhancement,
however, this trend becomes less steep, as the new MPA boundaries secure a greater
portion of the ecosystems providing the main services to the Cayman Islands. The
difference between the annual net value in these scenarios increases from approximately
US$6.4 million in the second year to US$18.5 million in year 25. This trend indicates that
the MPA enhancement can provide increasingly higher annual benefits to local
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Figure 26 - Total annual net value with effective MPA management in scenarios 1B and 2B (millions US$)

It should be noted that the influence that effective MPA management can have on
ecosystems outside the MPA boundaries, or spill-over effect, is not considered in this
analysis. If this potentially positive effect was included, the decreasing trends in annual
value in scenarios 1B and 2B could be expected to become less steep or even increasing.
However, it remains uncertain whether this would significantly increase the difference in
net present or net annual value between these two scenarios.

4.3.3 Change in net benefits in the case of ineffective management (MPA
management scenario A)
4.3.3.1 Net present value
The scenarios 1A and 2A describe the situation in which management is only sufficiently
effective to minimize the rates of ecosystem degradation by 10% within the boundaries of
MPAs. As the rates of ecosystem degradation stay at relatively similar levels within and
outside MPAs, the difference between current MPAs and the MPA enhancement can be
expected to be much less evident than that observed in the scenarios with effective
management.
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When estimated with a discount rate of 2.5% (as in Table 28), the NPV of the ineffective
management situation is estimated at around US$3,300 million with the current MPAs
(Scenario 1A) and US$3,320 with the MPA enhancement (Scenario 2A). This indicates that
if ecosystem degradation rates are reduced by 10%, then the MPA enhancement can offer
an increase in total NPV (i.e. accumulated net benefits) of around US$20 million over the
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Figure 27 - Total NPV with ineffective MPA management in scenarios 1A and 2A (billions US$; different
discount rates; 25-year timeframe)

If discount rates higher than 2.5% are used, the difference between NPVs obtained in the
situations with the current MPAs and the MPA enhancement becomes smaller, and hardly
visible in Figure 27, though the MPA enhancement still offers a higher economic value.
With discount rates of 5% and 10%, the NPV associated to the MPA enhancement
(Scenario 2A) would be, respectively, US$13 million and US$8 million higher than the NPV
derived from current MPAs (Scenario 1A). And in the exaggerated case of using a discount
rate of 15%, the additional NPV offered by the MPA enhancement (Scenario 2A) would be
estimated at only US$5 million during the entire 25-year timeframe of analysis (Figure 27).
As described in the previous section, the potential effect of gaps of information about
ecosystem degradation on the extended CBA is analyzed through a sensitivity analysis.
Ecosystem degradation rates are used as the basis to analyze the effectiveness of MPA
management and any uncertainties in the estimation of these rates are therefore expected
to influence the results of the CBA. The sensitivity analysis specifically focuses on potential
variations in NPV that can be derived from different baseline degradation rates of coral
reefs, mangroves and seagrass (Figure 28).
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Figure 28 – Sensitivity of the results to different rates of ecosystem degradation (total NPV; billions US$;
2.5% discount rate; 25-year timeframe; Scenario A of ineffective MPA management)
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As shown in Figure 28, in the ineffective MPA management situation (scenarios 1A and
1B), the NPV decreases with higher degradation rates of all the ecosystems considered in
the analysis. The degradation of coral reefs, however, have the highest impact on the NPV.
If degradation rates of coral reef are assumed at -15% per year, the NPV is estimated to
be 41% lower than the NPV estimated with rates of -1% in both scenarios (1A and 2A). For
mangroves, the same difference in degradation rates, i.e. from -1% to -15%, entails a
decrease in NPV by 23% in both MPA scenarios. The same change in degradation rates,
but for seagrass, would determine a decrease in the estimated NPV by around 10%, also
in both scenarios.
The results of this sensitivity analysis also suggest that the difference in NPV between the
current MPAs (Scenario 1A) and the MPA enhancement (Scenario 2A) is not substantially
affected by different degradation rates (Figure 28). With the rates of ecosystem degradation
considered in the analysis (i.e. between -1% and -15%), the difference in NPV estimated
in scenarios 1A and 2A ranges from only 0.5% to 1.4%.
For scenarios 1A and 2A, a higher sensitivity of the NPV to the degradation of coral reefs
is explained by the several values associated to this type of ecosystem, rather than other
ecosystem types. The values used to calculate the percent change in NPV in scenarios 1A
and 2A are provided in Annex 8.

4.3.3.2 Annual net value
If degradation rates are only tackled to a limited extent within MPAs (i.e. scenarios 1A and
2A), the MPA enhancement would provide higher benefits than the current MPAs on an
annual basis, although the difference between scenarios in this case is substantially smaller
than the one estimated under the effective management situation (i.e. scenarios 1B and
2B). With no discount applied, the additional net annual value obtained with the MPA
enhancement varies from around US$0.5 million in year 2 to approximately US$1.3 million
in year 25. In both scenarios, 1A (current MPAs) and 2A (MPA enhancement), the net annual
value shows a decreasing trend (Figure 29).
As previously mentioned, this analysis does not consider spill-over effect, which refers to
the impact management efforts in MPAs might have beyond their boundaries. Since the
provision of ecosystem services outside MPAs can change due to spill-over effect, the
decreasing trend in annual value presented in Figure 29 could be attenuated and become
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less steep. This implies that the positive economic effects of the MPA enhancement will
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Figure 29 - Total annual net value with ineffective MPA management in scenarios 1A and 2A (millions
US$)

79

Chapter 5:

Conclusion and recommendations

The research set out to answer three research questions:
1. What are the relevant ecosystem services in the Cayman Islands?
2. What is the current contribution of relevant ecosystem services to the economy of the
Cayman Islands?
3. How would the socioeconomic benefits of local ecosystem services be affected by the
enhancement of Marine Protected Areas (MPAs) in the Cayman Islands?
In this last chapter, the answers to these questions are addressed and what can be learned.
Based on the current value of the selected ecosystems and the expected changes in value
in MPA enhancement scenario, it is concluded that enhancing the MPAs on the Cayman
Islands will likely improve wellbeing of their residents.

5.1 Ecosystem services on the Cayman Islands
On the Cayman Islands, the marine environment provides important benefits, or ecosystem
services, to a variety of stakeholders. To assess the importance of the marine ecosystems
for wellbeing on the Cayman Islands, the economic value of seven ecosystem services is
assessed: tourism, coastal protection, fisheries, local culture and recreation, carbon
sequestration, pharmaceutical application of environmental products and the value of
marine ecosystems as amenity to real estate. Together, these ecosystem services provide
an annual total economic value (TEV) of US$179 million.

5.1.1 Tourism
The most important contribution to the TEV comes from the ecosystem services that
support the tourism industry (i.e. approximately 91% of the TEV estimated in this study).
In total, approximately 380,000 stay-over tourists and 1,600,000 cruise tourists visit the
Cayman Islands each year. Many of these tourists choose the islands as their holiday
destination because of the beautiful marine environment (i.e. beaches, coral reefs and
mangroves). To determine the tourism value of local ecosystems a survey was conducted
among 400 tourists visiting the Cayman Islands, recording the expenditures as well as the
willingness-to-pay (WTP) for additional nature management. It is estimated that 39% of the
added value that is created in the tourism industry (US$180 million per year) can be
attributed to the marine environment; this amounts to an annual value of US$69 million per
year. Additional to this, results indicate that tourists have an aggregate annual WTP for
nature conservation of US$94 million. The high WTP of visitors for additional nature
conservation measures suggests that a user fee system could be implemented without
affecting the number of tourists visiting the islands. Together, the financial value and the
WTP add up to a total economic tourism value of US$163 million per year.
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5.1.2 Local culture and recreation
Many residents on the Cayman Islands engage in recreational activities, such as swimming,
going to the beach and diving. Furthermore, a pristine natural environment is important for
the cultural identity of the inhabitants. The importance of the natural environment to the
residents of the three islands has been assessed through a residential survey. 384
households on the Grand Cayman, Little Cayman and Cayman Brac participated in this
survey, which addressed a wide range of issues such as ecosystem threats, benefits, and
preferred management of the marine environment. Although interaction with the
ecosystems differs, residents on all islands expressed concerns regarding the state of their
ecosystems. In fact, most of the population of each island is in favor of improving
enforcement and expanding the Marine Protected Areas (MPAs) as proposed by the
Department of Environment of the Cayman Islands Government in 2013. The results of
household survey conducted in the light of this study in 2014 indicate that the
enhancement plans are supported by 58% of the population on Grand Cayman, 63% of
the population on Cayman Brac and 85% of the population on Little Cayman. To quantify
the value of the marine environment to the residents of the Cayman Islands, the WTP for
an enhancement of the MPAs is estimated. Per year, people would be willing to contribute
a total of US$5.6 million per year for an increase in protected areas.

5.1.3 Amenity values
Marine ecosystems can also be an important amenity of houses on the Cayman Islands. A
hedonic pricing analysis was conducted to assess this importance. Based on a large
database with real estate transactions, which was provided by CIREBA, it is estimated that
the vicinity to mangrove areas, beaches and waterfronts are all positively correlated to
house prices (after controlling for other explanatory variables). This indicates that marine
ecosystems contribute to higher property values in the Cayman Islands. However, these
ecosystems are also under great pressure by coastal development on the islands.

5.1.4 Fisheries
The islands are home to a small artisanal fishery industry. People on the Cayman Islands
fish for recreation, subsistence and commercial purposes, and a single fisherman can be
motivated by a combination of these. Because this study focusses on the coastal marine
ecosystems of the Cayman Islands only the catch of reef-related species is accounted for
in the valuation of fisheries. It is estimated that the total reef-related catch is worth roughly
US$2.3 million per year.

5.1.5 Pharmaceutical products
Coral reefs are studied all over the world for their application to pharmaceutical products.
On the Cayman Islands, a cosmetic company discovered that the coral species Caribbean
Sea Whip (Plexaura homomalla) could be used to produce black-sea red oil (BSRO), which

81

is subsequently used to produce a cosmetic eyelash maintaining serum. The company
reached an understanding with the Department of Environment to harvest a sustainable
amount of coral in exchange for royalties of between US$0.7 – 4.6 million per year. In
addition, the value of this natural resource for production of the cosmetic products, is
valued between US$0.9 – 9 million. Together, this amounts to a total economic value of
between US$1.6 - 13.6 million per year.

5.1.6 Regulating services
The marine environment also provides important regulating ecosystem services. On a local
scale, coral reefs protect the shorelines of the Cayman Islands against storms and
hurricanes. This prevents erosion, flooding and thereby destruction of properties and
infrastructure. If these reefs would severely degrade, this protective capacity would be lost.
The damage that is avoided if the quality of coral reefs is maintained, amounts to US$6
million per year. On a global scale, the carbon sequestered by mangrove forests, sea
grass beds and peat habitats contribute to climate regulation. Especially, the large
mangrove and seagrass areas on Grand Cayman function as carbon sinks. In total, these
ecosystems are expected to sequester around 15,000 mega grams (MG; equal to metric
ton) per year. Based on the global market prices in carbon trading schemes, this ecosystem
service can be valued at US$290,000 per year.

5.2 Cost-benefit analysis of MPA enhancement
The ecosystems on the Cayman Islands are under pressure by a variety of threats. Climate
change, global development, pollution and disturbance all led to a continuous degradation
of the marine ecosystems in the past decades. On average, coral cover is decreasing by
2.2% per year, and the area of mangroves and seagrass decreases by 3.1% percent per
year. The degradation of ecosystems negatively affects the socioeconomic benefits of the
ecosystem services e.g. a less healthy coral reef will attract less divers. To prevent further
degradation of and conserve the benefits provided by the marine environment, the
Department of Environment of the Cayman Islands Government (DoE) proposes to improve
zone designation and expand the overall coverage of Marine Protected Areas (MPAs)
Cayman Islands by 15% and to restructure the different user zones within these MPAs.
To analyze the socioeconomic effects of such an enhancement, the value of ecosystem
services is compared in two policy scenarios: 1) maintaining the current network of MPAs;
2) expanding and restructuring the MPAs according to the plans proposed by the DoE. To
reflect the uncertainty around the effectiveness of MPA management to reverse
environmental degradation, two additional scenarios are analyzed per policy scenario in
which MPA management is either: a) ineffective, resulting in a 10% reduction of the
degradation rates in the MPAs; b) effective, resulting in 100% reduction of degradation
rates in the MPAs. Together, this results in the comparison of four scenarios:

82

1a – Current MPA framework; ineffective MPA management
1b – Current MPA framework; effective MPA management
2a – MPA enhancement; ineffective MPA management
2b – MPA enhancement; effective MPA management
The analysis of the ecosystem service values over 25 years indicates that the overall TEV
per year decreases in all four scenarios. The main reasons for this are that there are
unprotected areas in all scenarios that face continuous degradation, amongst others
caused by the fact that land-based pressures such as coastal development and pollution
are unchanged. Despite that, the scenarios that reflect the MPA enhancement decrease
less rapidly compared to the scenarios in which the current MPA framework is in place.
This also leads to a higher Net Present Value (NPV) of the ecosystem service values over
25 years for the scenarios of the MPA enhancement:
NPV-scenario 2a ($3,320 million) > NPV-scenario 1a ($3,300 million)
NPV-scenario 2b ($3,780 million) > NPV-scenario 1b ($3,550 million)
The stakeholders that benefit most from better ecosystem services in the scenarios with
an MPA enhancement are those involved in the tourism industry. The NPV of the economic
value in the tourism industry is expected to be US$57 million higher if the MPA
enhancement is implemented. The aggregate NPV for residents is expected to be 54 million
US$ higher. Surprisingly, also the NPV for fishermen is expected to improve by 11 million
US$ in the scenarios with an MPA enhancement. It has to be noted that this estimate
reflects an overall improvement of the fish stocks over the course of 25 years. It is possible
that fishermen will face slightly lower benefits on the short term due to increased
restrictions. Due to the higher quality of the coral reefs, also the coastlines will be better
protected as the expected damage will be reduced by 2% (2 million US$). The amenity
value, carbon sequestration and the pharmaceutical value remain grossly unchanged
between scenarios.

5.2.1 Limitations
Before discussing the policy implications of these results, it is necessary to address the
limitations of the analysis. First, the study only incorporates a selection of ecosystem
services on the Cayman Islands based on their perceived importance and the availability
of data. Most notably the existence value that people abroad attach to the marine
ecosystem services is not included. In a similar study in the Dutch Caribbean, researchers
found that Dutch European residents attach a high WTP to nature conservation on the
Dutch Caribbean Islands. British residents might have a similar perspective on the value of
nature in their Overseas Territories. Secondly, the scenario analysis relies on a set of
assumptions (presented in chapter 4). If these assumptions are proven to be invalid, the
results would be affected. Furthermore, degradation of the marine environment is assumed
to continue at a constant rate in the scenario analysis. In reality, this is not necessarily the
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case, as degradation can be subject to specific events (e.g. a hurricane, specific
development projects, or a bleaching event). This makes the future degradation rates
unpredictable. To control for this level of uncertainty, a wide range of degradation rates
was applied in the scenario analysis.

5.2.2 Recommendations
The results clearly highlight that enhancing the marine protected areas on the Cayman
Islands results in higher socioeconomic benefits. The most important ecosystem services
increase because of the MPA enhancement, some ecosystem services stay the same, but
most importantly, none of the ecosystem services are expected to decrease in the scenario
with the MPA enhancement. Even if MPA management proves to be ineffective in reversing
the current rates of environmental degradation, the MPA enhancement is unlikely to lead
to a loss in wellbeing on the Cayman Islands (based on the ecosystem services analysed
in this study). In other words, society on the Cayman Islands only gains in overall economic
benefits if the MPA enhancement is implemented. In addition, the enhancement plans
require minimal financial investments; as the DoE already patrols most of the currently
unprotected area already. The costs would be limited to updating the Marine Park signage
and hiring one or two extra staff members. Given this information, it can be concluded that
the MPA enhancement is a low-cost and low-risk investment with the opportunity to
substantially improve wellbeing on the Cayman Islands.
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Annexes
Annex 1 – Descriptive statistics of sold houses
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Annex 2 – Baseline regression for coral reefs and mangroves
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Annex 3 – Regression with distance to coral reefs and distance to
mangroves
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Annex 4 – Sensitivity test on separated districts
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Annex 5 – Sensitivity test on separated price ranges
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Annex 6 – Characteristics of coast for Relative Reef Contribution

Source: modified from Burke et al. (2008)
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Annex 7 – Description of regulations considered in the existing MPA framework in the Cayman Islands
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Annex 8 - Sensitivity of the results to different rates of ecosystem degradation
Total NPV with different rates of coral reef degradation (US$ millions; 2.5% degradation rates; 25-year timeframe)

NPV with different degradation rates of coral reefs

-1%

-3%

-5%

-7%

-9%

-11%

-13%

-15%

Scenario 1A – Current MPAs, ineffective MPA management

$3,532

$3,165

$2,877

$2,646

$2,459

$2,306

$2,179

$2,071

Scenario 2A – MPA enhancement, ineffective MPA management

$3,699

$3,465

$3,281

$3,135

$3,018

$2,922

$2,842

$2,775

Scenario 1B – Current MPAs, effective MPA management

$3,546

$3,184

$2,899

$2,670

$2,485

$2,333

$2,206

$2,100

Scenario 2B – MPA enhancement, effective MPA management

$3,866

$3,726

$3,616

$3,529

$3,458

$3,400

$3,350

$3,309

Total NPV with different rates of mangrove degradation (US$ millions; 2.5% degradation rates; 25-year timeframe)

NPV with different degradation rates of mangroves

-1%

-3%

-5%

-7%

-9%

-11%

-13%

-15%

Scenario 1A – Current MPAs, ineffective MPA management

$3,510

$3,310

$3,151

$3,021

$2,915

$2,826

$2,752

$2,688

Scenario 2A – MPA enhancement, ineffective MPA management

$3,750

$3,560

$3,408

$3,286

$3,187

$3,105

$3,036

$2,978

Scenario 1B – Current MPAs, effective MPA management

$3,527

$3,327

$3,169

$3,040

$2,935

$2,848

$2,774

$2,712

Scenario 2B – MPA enhancement, effective MPA management

$3,976

$3,786

$3,636

$3,515

$3,417

$3,336

$3,269

$3,212
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Total NPV with different rates of seagrass degradation (US$ millions; 2.5% degradation rates; 25-year timeframe)

NPV with different degradation rates of seagrass

-1%

-3%

-5%

-7%

-9%

-11%

-13%

-15%

Scenario 1A – Current MPAs, ineffective MPA management

$3,367

$3,304

$3,248

$3,197

$3,151

$3,110

$3,073

$3,038

Scenario 2A – MPA enhancement, ineffective MPA management

$3,581

$3,553

$3,526

$3,501

$3,477

$3,455

$3,434

$3,415

Scenario 1B – Current MPAs, effective MPA management

$3,385

$3,322

$3,264

$3,212

$3,165

$3,122

$3,082

$3,046

Scenario 2B – MPA enhancement, effective MPA management

$3,815

$3,780

$3,747

$3,717

$3,689

$3,664

$3,641

$3,620
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