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Executive Summary

The economic values associated with wetland goods and services can be categorized into
distinct components of the total economic value according to the type of use. Direct use values
are derived from the uses made of a wetland’s resources and services, for example wood for
energy or building, water for irrigation and the natural environment for recreation. Indirect use
values are associated with the indirect services provided by a wetland'’s natural functions, such
as storm protection or nutrient retention. This analysis focused on ecosystems services beyond
coastal protection. Two partner studies conducted by UWI and University of California Santa
Cruz (UCSC) in collaboration with The Nature Conservancy (TNC) and the Environmental
Hydraulics Institute of Cantabria (IHC), focussed on the coastal protection benefits well as the
socioeconomic dependence on mangroves at the three study sites (Portland Cottage, Bogue
Lagoon and Salt Marsh). This study examines other ecosystem services that mangroves provide;
namely; carbon sequestration, fisheries benefit and other provisioning services of mangroves.
An examination of other co-beneficial ecosystem services is conducted.

With respect to carbon sequestration, a benefit transfer approach was used based on a global
soil carbon stock average of 386 MgCHa™" and a social cost of carbon (SCC) of $48 T C. Based
on the areas of mangrove forest located at each site, the value of annual sequestration for
Portland Cottage, Bogue Lagoon and Salt Marsh are respectively US$4,709,818, $1,226,554 and
$453,936 JMD $612,276,340, $159,452,020 and $59,011,680). Net Present Values calculated for
a 100-year times span show estimated values for keeping carbon sequestered ranging from
$4.1M (Salt Marsh) to $466M (Portland Bight).

UWI estimates of soil carbon stock for each location showed higher averages for carbon stock
when compared to the global average. Using the site-specific values provided by the UWI team,
the annual carbon sequestration values for Portland Bight, Bogue Lagoon and Salt Marsh are
US$12,483,701, $3,831,391 and $1,032,528 (or JIM$1,622,881,129, $498,080,856 and
$134,228,640) respectively. It should be noted that carbon value estimates are influenced by the
choice of discount rate and represent the avoided costs to society of not releasing this stored
carbon to the atmosphere.

In regard to benefits to fisheries, mangroves are particularly effective as nursery grounds for
juveniles of species that later move offshore or to adjacent habitats such as coral reefs. The
estimates of mangrove derived fisheries value were based on a review of related literature value
transfer approaches. Based on a comparison of a variety of studies that included a range of
mangrove types and fisheries, the global median value of US $77/ha/yr for (fin) fish, and US
$213/ha/yr for mixed species fisheries (Hutchinson et al 2014) was used for this analysis. For the
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study sites using the average for mixed species fisheries, the estimated annual economic
contribution of mangroves for Portland Bight, Bogue Lagoon and Salt Marsh was $54,145
(J$7,038,850), $14,101 (J$1,833,130) and $5,218 (J$678,340) respectively. The estimates indicate
that the economic contributions from these sites are relatively modest in comparison to other
systems. However, these are comparatively small areas and thus limited their ability to
contribute more significantly to fishers’ incomes. Site-specific fisheries dependent data was not
able to be collected for this analysis. This in part due to a lack of systematic collection of catch
(sales) data by the relevant government agency. In addition to artisanal fishery benefits provided
by mangroves, there are potential economic benefits from the development of a high-end
recreational fishery focused on catch and release based on species associated with mangroves.
This type of activity could have the potential to contribute the local (site based) economy and
builds individual and community resilience in the face of climate change. This would also
support alternative livelihood strategies for mangrove dependent communities and in particular
fishers.

There are additional economic benefits that are accrued from mangroves. Many of these
benefits come from provisioning services (i.e. fisheries and, for mangroves, timber, honey and
fuel wood), cultural services (tourism) and regulating services (shore protection). However for
Jamaica one of the limitations for deriving these values is the lack of site-specific data regarding
the market values attached to those services. Inability to access data from relevant government
and municipal agencies was also a limiting factor for estimating the avoided costs of regulating
water quality or sediment control. Additional limitations on how the site level data were
collected did not allow for demonstration of pollution abatement services of mangroves.
However related work on tourist economic values for preserving water quality indicate that if
mangroves can be shown to serve this function there is a recreational benefit associated with
this ecosystem service. Similarly with erosion control, there was not site level data that allowed
for the estimation. A search of the literature showed values for erosion control at US$600 per
household per year (Indonesia). Other studies showed that mangroves provide protective
services to coastal infrastructure at values at US$480 per 75m width of mangrove-lined
coastline. The UWI study showed long term erosion at several of the sites, often linked to
anthropogenic impacts including loss of forest cover.

The social survey conducted by the UWI team also showed that people were generally aware of
some of the roles that mangroves play in providing ecosystem services. Some survey
respondents identified themselves as fishers and a small portion of these individuals indicated
that they utilize the mangroves for fishing activity one to three times per week. Income on a
weekly basis according to information sourced from 11 self-identified fishers at Portland
Cottage showed that the income from the sale of fish ranged from J$3000 to J$40000 with an

Vi
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average income of J$12,091. However, most of these fishers reported a decreased in income in
the last 5 years. Persons engaged in fishing were not surveyed at the Bogue site. While a
comparatively lower number of persons at Salt Marsh meant the sample size was not large
enough to draw any substantial conclusions on their dependence on mangrove fish catch.
Mangrove restoration can enhance or increase economic value if it produces new ecosystem
services that did not exist prior to restoration or if it increases the value of existing ecosystem
goods and services or the value of other economic activities that depend on ecosystem
conditions. Based on the findings outlined in this report in conjunction with the two
complementary studies (UWI, TNC/USCB), confirm that most the elements for conducting a cost
benefit analysis for Jamaican mangrove restoration exist. On the benefits side, the reasonably
accurate estimates for carbon (presented here), good estimates for coastal hazard protection
benefits as well as the implied fisheries and other ancillary benefits should provide enough
information. Improving the quality of the ancillary benefits would require more robust estimates
on nearshore fish populations with corresponding catch/effort data from fishers. Other required
data would include; trends on water quality gradients (mangrove to reef) and rates of erosion
prevention over time coupled with economic information on infrastructure and commercial
property protected. Based on the analysis of some of the key ecosystem services (climate, fish
and damage avoided) it is highly likely that a cost benefit ratio would favour mangrove
restoration.

Mangrove restoration provides a natural experiment for tracking ecosystem service changes pre
and post implementation. This is why it is important to gather data on a full suite of metrics
including better quantification of key provisioning and regulating ecosystem services. With
proper measurement it will increase the ability to make the connections between ecological
functions and direct (or indirect) benefits to people. Indicators like forest products (honey, other)
fisheries benefits (harvest, subsistence) and water quality improvement are a few of the
parameters that require more updated methods of estimation. In the context of climate change
and building resilience, monitoring the changes of key ecological and socioeconomic
parameters will help improve data and allow for the tracking of these additional metrics.

The estimates presented in this report on the role of mangroves and their contribution to
commercial fisheries also relied on global estimates from other studies. This analysis was limited
to using the global averages because of the lack of data on these mangrove sites and
particularly the lack of fisheries landing data that could assist in quantifying the role these
mangroves play in supporting commercial fisheries from nearby fishing beaches. Data was not
available for catch per unit effort, species targeted and sales from fishers who operate from
beaches close to these sites. It was therefore difficult to make a direct link between fisheries
catch and the potential beneficial role mangroves play, particularly as nursery areas for juvenile
fish. This is a key component that was outside the control of this research effort.

vii
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Even with these limitations in mind, this analysis was able to identify additional benefits (beyond
storm damage protection) and further highlights the major role that mangroves play in the lives
of Jamaicans.

viii
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Introduction

The Government of Jamaica (GOJ) has received funding from the World Bank Program on
Forests (PROFOR) to implement the Analytics and Advisory Services (ASA) titled: Assessment and
Economic Valuation of Coastal Protection Services Provided by Mangroves in Jamaica (P146965).
This effort is linked to the ongoing Jamaica Disaster Vulnerability Reduction Project (DVRP),
which focuses on enhancing the climate and disaster resilience of key infrastructure and the
country's disaster response capacity. The GOJ has received funding from the World Bank
Program on Forests (PROFOR) to implement the this component of the larger Jamaica Disaster
Vulnerability Reduction Project (DVRP), which focuses on enhancing the climate and disaster
resilience of key infrastructure and the country’s disaster response capacity. This report outlines
Consultant Economist's (hereafter called the Economist) contextual understanding of the project,
the approach and methodology to be utilised, the deliverables, work plan and next steps. This
proposed activity will support complementary efforts currently underway by other project
partners (University of the West Indies — UWI and The Nature Conservancy/University of
California Santa Cruz —-TNC-UCSC) including field data collection and analytical work targeting
knowledge gaps in 1) Habitat Status, 2) Coastal Protection Ecosystem Services 3) Habitat Risk
Assessment and 4) Cost Effectiveness Assessment. This analysis addresses a key sub component
of the larger project by primarily supporting site level estimates of additional or co- beneficial
ecosystem services in addition to coastal protection. The understanding being that additional
ecosystem services (beyond coastal protection) contribute to coastal resilience (social and
economic).

Context
Jamaica is ranked as one of the most at risk countries in the world with high percentages of GDP

and population at risk to two or more hazards (World Bank, 2008). The country lies within a
region of traditionally high hurricane activity and experiences frequent direct impacts and
indirect storm damages. Climate change and climate variability are expected to increase the
impact of some of the hazards that already cause significant damage. At the same time, human
pressures on ecosystems such as mangrove forests and wetlands reduce their effectiveness in
providing important social and economic benefits. The environmental degradation of
mangroves is likely to result in impacts such as the loss of natural breakers of wave and wind
energy, reduction in commercial and non-commercial fisheries (essential for livelihoods and
food security), reduction of natural water filters, biodiversity loss, and loss of the ability to
sequester atmospheric carbon. Combined these losses reduce Jamaica’s climate change
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resilience and exacerbates for the ability to implement adaptation, mitigation and disaster risk
management strategies.

Increasing the countries resilience to natural disasters will require a mix of conventional
engineering solutions but equally important is the recognition that natural coastal infrastructure
such as mangroves and related coastal ecosystems play this role. Justifying budget allocation for
conserving these habitats can be supported by adding information that highlights the economic
value of preserving and restoring these key ecosystems. Specifically data that shows the
economic and social benefits of protecting coastal communities from natural hazards (tropical
storms, coastal inundation, and shoreline erosion) and related fisheries and tourism benefits will
help support conservation decision making. The main objective of this report is to, where
feasible, estimate the economic values of additional ecosystem services of mangroves (beyond
coastal protection) that support coastal resilience in three coastal mangrove sites in Jamaica.

Background
In identifying the ecosystem services provided by natural environments, a common practice is to

adopt the broad definition of the Millennium Ecosystem Assessment (MEA 2005) that
"ecosystem services are the benefits people obtain from ecosystems.” Broken down into the
main categories, Supporting, Regulating, Provisioning and Cultural/Recreational.

A broader interpretation of ecosystem services equates ecosystem services with benefits. This
analysis will include both intermediate and final services as benefits. The rationale being that
supporting services, in economic terms, are akin to the infrastructure that provides the necessary
conditions under which inputs can be usefully combined to provide intermediate and final
goods and services of value to society (Polasky and Segerson, 2009). In other words, “ecosystem
services are the direct or indirect contributions that ecosystems make to the well-being of
human populations”.

There are a number of different ways in which humans benefit from, or value, ecosystem goods
and services. The first distinction is between the “use values” as opposed to “nonuse values”
arising from these goods and services. Typically, use values involve some human “interaction”
with the environment, whereas nonuse values do not. Direct-use values refer to both
consumptive and non-consumptive uses that involve some form of direct physical interaction
with environmental goods and services, such as recreational activities, resource harvesting,
drinking clean water, breathing unpolluted air for example (Barbier et al 2011).

The fundamental challenge of valuing ecosystem services rests in providing an explicit
description supported by accurate assessments of the links between the structure and functions
of natural systems, the benefits (i.e.,, goods and services) derived by humanity, and their
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subsequent values. The conceptual diagram (Figure 1) shows how human drivers of ecosystem
change affect important ecosystem processes and functions and in turn can impact economic
value and human wellbeing.

Ecosystem

Structure

Functions
Human actions e.g., regulatory,
(private/public) habitat/production

Ecosystem goods

and services
1| |

/ Values — \

cultural heritage

A Nonuse values
Use values e.g., existence, species
preservation, biodiversity,

Consumptive use | Nonconsumptive use |
e.g., harvesting, water supply
(irrigation, drinking), genetic and /\
medicinal resource

Direct Indirect
e.g., recreation (boat/swim), e.g., UVB protection, habitat
transportation, aesthetics, support, flood control, pollution

\ control, erosion prevention /

Figure 1: Conceptual model of coastal ecosystem services (Adapted). This figure is adapted from NRC (2005). Economic
valuation of ecosystem goods and services.*UVB is ultraviolet-B radiation from sunlight, which can cause skin cancer.

Figure 2 is adapted from a study of ecosystem service valuation approaches and their traditional
application to a variety coastal ecosystems including mangroves. Of the ecosystem services
listed in Figure 2 there are some that are typically estimated given their value to coastal
populations. These include; (1) dependency and use by local coastal communities for a variety of
products, such as fuel wood, timber, raw materials, honey and resins, and crabs and shellfish
[provisioning services]; (2) their role as nursery and breeding habitats for offshore fisheries;
[supporting and provisioning services] and (3) their role as natural “coastal storm barriers” to
periodic wind and wave or storm surge events, such as tropical storms, hurricanes and coastal
floods [regulating services]. The other service of note is the carbon sequestration [regulating]

services provided by mangroves.

Notable gaps in this list for include economic estimates for water purification services, tourism,
recreation, education and research. For water purification, this may be related to the fact that
estimates for that ecosystem service are largely in the realm of freshwater provisioning and the
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fact that mangroves typically thrive in high detritus and nutrient rich environments. The
economic value of their role in nutrient uptake that in turn benefits associated ecosystems
(seagrasses and coral reefs) may be instead reflected elsewhere (e.g. coral reef recreation
values). Similarly tourism and recreation in mangrove areas may not be as globally developed as
coastal (beach/coral reef) related tourism hence the paucity of studies given the relatively low
demand for recreation in these environments. This study will take this into consideration as part
of the overall analysis however the feasibility of producing reasonable estimates will have similar
constraints to other global examples as represented in Figure 2.
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TanLe 4. Ecosystem services, processes and functions, important controlling components, examples of values, and human drivers
of ecosystem change for mangroves.

Ecosystem services

Ecosystem processes
and functions

Important controlling
components

Human drivers of
ecosystem change

Ecosystem service
value examples

Raw materials and
food

Coastal protection

Erosion control

Water purification

Maintenance of
fisheries

Carbon
sequestration

Tourism, recreation,
education, and
research

generates biological
productivity and
diversity

attenuates andfor
dissipates waves
and wind energy

provides sediment
stabilization and
soil retention in
vegetation root
structure

provides nutrient
and pollution
uptake, as well as
particle retention
and deposition

provides suitable
reproductive
habitat and
nursery grounds,
sheltered living
space

generates biological
productivity,
biogeochemical
activity,
sedimentation

provides unique and
aesthetic
landscape,
suitable habitat
for diverse fauna
and flora

vegetation type and
density, habitat
quality

tidal height, wave
height and length,
wind velocity, beach
slope, tide height,
vegetation type and
density, distance
from sea edge

sea level rise, tidal
stage, fluvial
sediment deposition,
subsidence, coastal
geomorphology,
vegetation type and
density, distance
from sea edge

mangrove root length
and density,
mangrove quality and
area

mangrove species and
density, habitat
quality and area,
primary productivity

vegetation type and
density, fluvial
sediment deposition,
subsidence, coastal
geomorphology

mangrove species and
density, habitat
quality and area,
prey species
availability, healthy
predator populations

US$484—585-ha ™ 'yr ™!
capitalized value

mangrove disturbance,
degradation, conversion;

of collected coastline disturbance;
products, pollution; upstream soil
Thailand (Barbier loss; overharvesting of
2007) TESOUrees

US$8966—-10 821 /ha

capitalized value for
storm protection,
Thailand (Barbier
2007)

US$3679-ha"yr ™
annualized
replacement cost,
Thailand
(Sathirathai and
Barbier 2001)

estimates unavailable

US$708-$987/ha
capitalized value
of increased
offshore fishery
production,
Thailand (Barbier
2007)

US$30.50-ha~"yr 't

estimates unavailable

f Based on Chumra et al. (2003) estimate of permanent carbon sequestration by global salt marshes of 2.1 Mg C-ha™"-yr 'and 23
September 2009 Carbon Emission Reduction (CER) price of the European Emission Trading System (ETS) of €12.38/ Mg, which
was converted to US$2000.

Figure 2: Ecosystem functions and services of mangroves (Adapted). Table taken from taken from Barbier et al 2011
and related references’.

The empirical studies conducted on wetland valuation vary widely in their use of valuation
techniques, the actual products and services being valued, and the type and geographical
location of the wetlands being considered. However in the case of wetland valuation, a
standardized shadow price can be analyzed, such as the dollar value per year of 1 ha of wetland

" Chmura, G. L, S. C. Anisfeld, D. R. Cahoon, and J. C. Lynch. 2003. Global carbon sequestration in tidal, saline wetland
soils. Global Biogeochemical Cycles 17:1111.
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area (Brander et al, 2006). The economic values associated with wetland goods and services can
be categorized into distinct components of the total economic value according to the type of
use. Direct use values are derived from the uses made of a wetland's resources and services, for
example wood for energy or building, water for irrigation and the natural environment for
recreation. Indirect use values are associated with the indirect services provided by a wetland's
natural functions, such as storm protection or nutrient retention. Non-use values of wetlands
are unrelated to any direct, indirect or future use, but rather reflect the economic value that can
be attached to the mere existence of a wetland (Pearce and Turner 1990). In addition to market
and non-market valuation approaches other portions of value such as the value per tonne of
carbon sequestered and stored. This will be discussed in more detail in a separate section.

The Brander et al (2006) study showed that the most significant ecosystem service associated
with coastal wetlands is biodiversity. The study estimated biodiversity services of wetlands at
US$17,000 per hectare per annum (Ha™' yr"). Other valuable services were water quality,
recreational fishing, flood protections and amenity values. It is important to note however that
directly transferring the values from one study to a particular study site must be done with
caution. The Brander et al study used a global data set and accounts for some geographic and
socio-economic differences. The study show highest values for wetlands in Europe and lowest
for South America, (where Jamaica was grouped). Thus the value per hectare reported must be
understood within this context. Notwithstanding, there is clear evidence that the coastal
wetlands of Jamaica provide services that annually contribute value.

There has been advances in the generation of mangrove and coastal ecosystem values, however
a recent analysis showed that data on cultural ecosystem services (CES) has found to be lacking
(Himes-Cornell et al 2018). This study suggested that mangrove valuation literature is not yet
robust and more importantly lacks estimates of CES, such as spiritual and aesthetic value.
These studies support the finding that most estimates are focused on small selection of
ecosystem services based on the availability of benefit transfer values and the ability to easily
measure values with market prices (Brander et al 2006, Barbier et al 2011, Himes-Cornell et al
2018). The focus on this narrow set of attributes results in very little data on ecosystem services
that cannot be valued monetarily, but that are often equally important to local communities.
The wider context of this analysis is that in the face of climate change and the (direct and
indirect) dependence that people may have on mangroves ecosystems conserving mangroves
should lead to increased resilience. In other words a simultaneous increase in ecological
resilience and human/social resilience. This report will focus on ecosystems services other than
coastal protection. Namely; carbon sequestration, fisheries benefits, water quality and
discussions on a few other co-beneficial ecosystem services.
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Identifying these additional ecosystem service benefits reinforces the argument for increased
resources provided for mangrove restoration. Mangrove has the potential to contribute not only
to short-term economic goals such as job creation, but can also provide long term economic
gains while simultaneously restoring essential ecological functions and services. Investing in
habitat restoration also opens the possibility for future economic activity. Improving the
quantity and quality of ecosystem services should result in increased economic activities for
example, sustainable fisheries, mangrove forest products and coastal tourism. Broader long-
lasting benefits to local economies, such as higher property values and better water quality
(Edwards at al 2013) will likely surpass the initial costs of restoration.

Overall Methodological Approach

This analysis where feasible incorporates site level information (social and biophysical) into the
estimates of economic values. The aim is to provide complimentary social and economic
information on the additional co-benefits of ecosystem services beyond coastal protection. The
analyses for each of the key ecosystems relies heavily on literature and benefit transfer
approaches. The general approach for the study is outlined below.

Literature Review

Literature review of relevant studies applicable to the project context. This includes economic
and ecosystem service information. An examination of the relevant mangrove ecosystem service
and economic valuation literature will be the basis for developing the methods to be applied to
the ecosystem services of interest. This will include but not be limited to approaches such as
benefit transfer methods, social cost of carbon, among others, when necessary. This review will
draw on related efforts produced by the Bank including but not limited to the WAVES Guidelines
of coastal protection (Beck and Lange, 2016).

Benefit Transfer
The benefit transfer method estimates economic values for ecosystem services by transferring

available information from studies already completed in another location and/or context. For
example, values for natural resources such as coral reef, seagrass, mangroves and fisheries may
be estimated by applying measures of fishing values from a study conducted in another area.
Empirical studies conducted on wetland valuation vary widely in their use of valuation
techniques, the actual products and services being valued, and the type and geographical
location of the wetlands being considered (Brander et al, 2006). Thus, the basic goal of benefit
transfer is to estimate benefits for one context by adapting an estimate of benefits from some
other context. Benefit transfer is often used when it is too expensive and/or there is too little
time available to conduct an original valuation study, yet some measure of benefits is needed. It
is important to note that benefit transfers can only be as accurate as the initial study (or studies).
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As in the case of this study, this will be the primary approach given the timing and limited
resources to conduct extensive primary research for example a comprehensive non-market
(choice experiment) valuation survey.

As per standard practice for benefit transfer studies the output will provide rationale and criteria
that will allow decision makers to decide on the most appropriate methodologies for each
ecosystem service. Other standard practice of benefit transfer approaches includes presenting
economic estimates that take into consideration and calibrate for factors such as; net present
value, socio-political context, wealth/income measures and other market factors as applicable.
Some of the basic steps are outlined below.

Step 1:

The first step is to identify existing studies or values that can be used for the transfer. As is with
standard practice for this approach any data taken from studies will be representative of similar
environments, social and economic contexts. It is expected that the studies will primarily be
drawn from Caribbean and similar tropical locations?.

Step 2:
The second step is to decide whether the existing values are transferable. The existing values or
studies would be evaluated based on several criteria, including:

1. Is the service being valued comparable to the service valued in the existing study? Some
factors that determine comparability are similar types of sites, similar quality of sites, and
similar availability of substitutes.

2. Are characteristics of the relevant population comparable? For example, are
demographics similar between the area where the existing study was conducted and the
area being valued? If not, are data available to make adjustments?

Step 3:

The next step is to evaluate the quality of studies to be transferred. The better the quality of the
initial study, the more accurate and useful the transferred value will be. This requires the
professional judgment of the researcher. In this example, the researcher has decided that both
studies are acceptable in terms of quality.

Step 4:

2 Edwards, Peter (2013) Ecosystem Services of the Coral Spring and Mountain Spring Protected Area,
Jamaica. Submitted to the Windsor Research Centre, Trelawny Jamaica.
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The final step is to adjust the existing values to better reflect the values for the site under
consideration, using whatever information is available and relevant. Supplemental data may also
need to be collected in order to improve the transferability of the data. Where possible the
integration of the biophysical data from UWI partners will be used as part of the analysis. These
data are in general organized in the following groupings.

Incorporation of Partner Data: Ecological, Physical and Socio Economic
This report will use where appropriate, any data produced by the partners on the larger project

(UWI and TNCQ). These data streams include:
Ecological data:

. Mangroves species composition, density & diversity
. Prop root/Aerial root network
. Mangrove trunk diameter
. Mangrove height and canopy width
. Fisheries production
Geological/physical data:
. Sediment retention and accretion in root system
. Sediment composition
. Carbon flux
. Wind speed before and inside mangrove
. Wave force before and inside mangrove
. Water quality

Socio economic data:

Quantitative surveys targeting households and commercial establishments to assess social

vulnerability:
. Livelihoods dependent on fisheries
. Households dependency on fish for food
. Changes in mangrove forest
. Coastal flooding
. Potential for community engagement in mangrove restoration (jobs generation)

The site-based information in some instances can be used to scale up or impute estimated
values from other locations that fit the (physical and socioeconomic) conditions of each of the
sites. There are however limitations
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Economic Value of Mangrove Carbon Sequestration

On average, mangroves contain three to four times the mass of carbon typically found in boreal,
temperate, or upland tropical forests (Donato et al 201, Jardine et al 2014). Much of this carbon
storage, however, is at risk of being lost, because mangroves are among the most threated and
rapidly vanishing ecosystems globally, with habitat loss rates similar or greater to those in
tropical forests (FAO, 2008).

In response to this trend, there has been an increased focus on the development and
implementation of market-based mechanisms such as carbon offsets, to credit mangrove
conservation for associated emissions reductions. This is largely modelled on the REDD (reduced
emissions from deforestation and degradation) programs designed to protect tropical forests.
The purpose of these programs is to provide market incentives to reduce emissions from
deforestation by, for example, encouraging developing countries to reduce deforestation in
return for compensation from developed countries committed to emission reductions (Angelsen
2008, Kindermann et al 2008).

Estimating Mangrove Carbon Stocks
Designing and evaluating market mechanisms for mangrove conservation requires several

spatially explicit scientific inputs, including information on the mangrove area susceptible to
deforestation, carbon in mangrove biomass and soils, annual carbon sequestration, the
emissions profiles of mangroves converted to other uses, and the opportunity cost of protecting
mangroves (Siikamaki et al 2013). Estimation of sequestered carbon is an important first step in
this process.

A key challenge in assessing the carbon benefits from mangrove conservation is the lack of
rigorous spatial estimates of mangrove soil carbon stocks. Unlike other tropical forests, for
which the bulk of carbon storage is in biomass, mangrove carbon is primarily stored in the soil.
For example, Donato et al (2011) estimate that soil carbon comprises 49-98% of carbon in
mangrove forests. Mangrove carbon storage varies substantially over space; therefore, the
benefits from mangrove conservation depend critically on the location of the mangroves
conserved.

The data show that mangroves in North and Central America contain some of the most carbon-
rich soils whereas mangroves in East Asia are among the most carbon-poor soils (Jardine et al
2014). Soils in South East Asia, where approximately 32.8% of the world's mangroves are
located, have considerably greater carbon content than mangroves soils in East Asia but
substantially less carbon content than mangrove soils in North and Central America (Jardine et

10
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al, 2014). (Jardine et al (2014) conducted a study where the estimated global mangrove carbon
stored in soils was shown to be on average, 369 + 6.8 Mg C ha™' (in the top meter of soil). The
study confirmed that due to regional differences, the amount of carbon per hectare in the
world’'s most carbon-rich mangroves (the highest grid cell prediction is 703 + 38 Mg C ha™) is
roughly 2.6 + 0.14 times the amount of carbon per hectare in the world’s most carbon- poor
mangroves (the lowest grid cell prediction is 272 + 49 Mg C ha™"). One Mega-gram (Mg) is
equivalent to a Metric Ton. Jamaican mangroves are therefore likely to have a higher content
than the global average.

A recent publication provides a standardized and comprehensive approach for site level
estimates of coastal blue carbon (Hoyt et al 2014). This manual includes methods for estimating
standing carbon, above and below ground, emissions fluxes for not only mangroves but tidal
salt marshes and seagrass meadows as well. Given the relative small number of these types
studies, the goal of the publication is to provide standardized methods for field measurements
and analysis of blue carbon stocks and flux in coastal ecosystems. However in the absence this
type of site level data, estimates of carbon stock are provided based on outputs from meta-
analysis some of which are based on IPCC recommendations integrated into predictive
algorithms and regressions.

The UN Framework Convention on Climate Change — UNFCC has a list of land use (LU) types
including; Forest Land (FL), Cropland (CL), Grassland (GL), Wetland (WL), Settlements (SL) and
Other Land (OL). This analysis focuses on Jamaica’'s MG (Mangrove Forest) specific to the three
study sites. Each of which results in a combined area of 344.9 hectares. Of note, the most recent
estimates for Jamaica's total mangrove forest areas is 9,715 Ha (5ht National Report 2019). The
estimates of carbon sequestration and relevant economic values are based on the representative
areas of these forest types. For the purpose of this analysis (and in the absence of site level data
for the Jamaican mangroves), the suggested Global Tier 1 estimates for blue carbon stocks are
used to calculate values for sequestered carbon. This study uses the global average for
mangroves of 386 MgCHa™' assuming a carbon-rich soil depth of 1 meter (Donato et al 2011,
Pendelton et al 2012, Hoyt et al 2014). It should be noted that this estimate is quite similar to
the estimates from the Jardine et al (2014) meta-analysis. Table 1 below shows comparisons of
carbon stock between mangroves, tidal salt marsh and seagrass beds.

11
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Table 1 Global mean and range of values of soil organic carbon stocks (1m depth) for tropical coastal ecosystems and
CO:; equivalents. Adapted from Hoyt et al 2014

Mangrove 386 55-1376 1415
Tidal salt marsh 255 16 —623 935
Seagrass 108 10 - 829 396

In order to convert the sequestered carbon (per hectare) to some relative economic value we
used the social cost of carbon as the main metric. We discuss how this cost per hectare of
carbon sequestered is derived below.

Social Cost of Carbon
The social cost of carbon (SCC) may be interpreted as how much we should be willing to pay to

reduce carbon dioxide emissions, or as the tax that we should impose on such emissions. The
SCC is a concept that reflects the marginal external costs of emissions: it represents the
monetized damage caused by each additional unit of car- bon dioxide, or the carbon equivalent
of another greenhouse gas, emitted into the atmosphere (Kotchen 2017). In more technical
terms, the social cost of carbon is defined as the incremental impact of emitting an additional
ton of carbon dioxide, or the benefit of slightly reducing emissions. The social cost of carbon is
the Pigou tax (Pigou 1920), that is, the amount GHG emissions should be taxed in order to
maximize welfare (Tol 2018). Despite the widespread use of the SCC for evaluating climate-
related policies, and the growing debate about its appropriate scope, there is surprisingly little
research on the theoretical basis of the SCC and how it should be used for policy analysis. A
recent study examined the theoretical implications and developed an approach that examined
the SCC and provides suggests on whether countries should use a global or domestic SCC
(Kotchen 2017). This study provided insight into the growing debate about whether countries
should take account of the global benefits of reducing greenhouse-gas emissions when setting
and evaluating domestic policy. The analysis was based on the global climate model called the
C-DICE model® (Nordhaus 2015) and identified that there can be differences in the preferred
SCC, depending on the particular economic conditions in each country (Kotchen 2017). This
study for example was able to demonstrate how countries or regions would prefer a globally

* The Dynamic Integrated Climate-Economy model, referred to as the DICE model or Dice model, is a
computer-based integrated assessment model developed by 2018 Nobel Laureate William Nordhaus that
“integrates in an end-to-end fashion the economics, carbon cycle, climate science, and impacts in a highly
aggregated model that allows a weighing of the costs and benefits of taking steps to slow greenhouse
warming.

12
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internalized shadow value on emissions that ranges from US$13 (Eurasia) to $91 (India) when
the actual Global Social Cost of Carbon (GSCC) was estimated to be $40.

Discount and Pure Rate of Time Preference
Some of the controversy concerning the social cost of carbon arises from the complexity of its

computation. Golosov et al. (2014) show that the social cost of carbon can be written as a
function of total economic output, the pure rate of time preference, elasticity of damage with
regard to the atmospheric concentration of carbon dioxide, and the rate of decay of carbon
dioxide in the atmosphere. In economics, comparing impacts over time requires a discount rate.
This rate determines the weight placed on impacts occurring at different times. For this analysis
we will also present some estimates that take rate of time preference (discount rate) into
consideration. To calculate the social cost of carbon, the atmospheric residence time of carbon
dioxide must be estimated, along with an estimate of the impacts of climate change. The impact
of the extra tonne of carbon dioxide in the atmosphere must then be converted to the
equivalent impacts when the tonne of carbon dioxide was emitted. Since the social cost of
carbon (SCC) is the marginal cost of emitting one extra tonne of carbon (as carbon dioxide) at
any point in time. It is usually estimated as the net present value of climate change impacts over
the next 100 years (or longer) of one additional tonne of carbon emitted to the atmosphere
today. This estimate reflects the marginal economic effects of CO, emissions and derives from
multiple studies researching the welfare effects of climate change in terms of crop damage,
coastal protection costs, land value changes, and human health effects (Tol, 2012). An amount of
CO; pollution is measured by the weight (mass) of the pollution. Some-times this is measured
directly as the weight of the carbon dioxide molecules. This is called a tonne of carbon dioxide
and is abbreviated "tCO,". Alternatively, the pollution's weight can be measured by adding up
only the weight of the carbon atoms in the pollution, ignoring the oxygen atoms. This is called a
tonne of carbon and is abbreviated "tC". Estimates of the dollar cost of carbon dioxide pollution
is given per tonne, either carbon, $X/tC, or carbon dioxide, $X/tCO,. One tC is equivalent to 3.67
(44/12) tCO,. The uncertainty about the social cost of carbon is fairly wide too and grows over
time (Tol 2012). A component of this discount rate, the rate of pure time preference, measures
the weight to attach to future levels of well-being solely because they are enjoyed later in time.
The discount rate is critical when dealing with long time periods as with climate change. The
higher the discount rate, the lower the concern for the future and the lower the social cost of
carbon: As the uncertainty grows as we look further into the future, a lower discount rate implies
a loss of confidence. A review of additional recent literature in this area found a wide range of
estimates of the value of carbon stored, typically presented as a value per metric ton of carbon
($/tC). For the purposes of this report a median value of $48/tC is the SCC price estimated for
Latin America and the Caribbean region (Kotchen et al 2014). Tol (2018) used probability density
functions (PDF) based on three pure rate of time preferences (0%, 1% and 3%) to estimate price
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per metric tonne of carbon emissions. Mean estimates from this study are also applied to the
three sites and total estimated mangrove cover for Jamaica and compared with the $48/tC value
(Kotchen et al, 2014). Based on the PDF analyses, the Tol (2018) study estimated the mean social
cost of carbon, at $677 per ton of carbon for a 0 percent PRTP, $360 per ton of carbon for a 1
percent PRTP and $44 per ton of carbon for a 3 percent PRTP. In other words, burning a barrel
of oil emits 0.43 metric ton of carbon dioxide. A $28 per ton of carbon tax is thus equivalent to
$3 per barrel, while a $677 per ton of carbon tax is equivalent to $79 per barrel.

Results: Carbon Sequestration Value
The analysis of the economic value of sequestered carbon for the project study sites are

presented below in Table 2. The estimates below are based on an application of the Tier 1
approach as per suggested methodology (Kotchen 2017, Tol 2018). It should be noted that tier 1
assessments typically come with large error ranges for both above ground and soil carbon
estimates (Hoyt et al 2014). The estimation approach outlined by Hoyt el (2014) was used for
this analysis. The tier 1 assessment of a carbon stock within a project area is achieved by
multiplying the area of an ecosystem by the mean carbon stock for that ecosystem type. The
mean value of 386 MgC Ha™' is therefore multiplied by the respective site areas to provide
estimates of carbon stock. The areas for the study sites are; Portland Bight 254.2 Ha, Bogue 66.2
Ha and Salt Marsh 24.5 Ha. As part of this analysis we also estimate carbon sequestration values
for the total estimated mangrove as per the LULC categorisation reported in the 5" National
GHG report. This estimated area for Jamaica is 9,715Ha.

The basic calculations are as follows:

Mean Carbon (MgC Ha'") * Area (Ha) = Mg (or T) of Blue Carbon in Study Site
Total Potential CO2 emissions per hectare (MgCO, Ha-1) = Mg C * 3.67
Carbon sequestration value = MgC * X$/MgC = X$

Table 3 below shows the calculation of Net Present Value (NPV) of annually sequestering carbon
at the rate estimated above for a 100 year time frame. This represents the value over time of
keeping the mangrove forests intact. The sensitivity analysis compares discount rates ranging
from 0.0% to 10%. It should be noted that for standard infrastructure development projects the
typical discount rate used is 3%. For most carbon valuation studies the discount rate of interest
is usually set at 1-1.4%. As discussed previously, part of the controversy with discount rates is
that to account for intergenerational equity issues, discount rates for carbon should be set at
zero given the longer time frames of climate and carbon cycling. However the resulting price
estimates for carbon are typically quite large and as a result may have little real world policy
application. However it can still be instructive to show the value over these longer time frames
for trade off purposes. Based on the results of the sensitivity analysis we can examine the annual
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value of carbon sequestration as well as the future value of carbon over a 100 year life span.
These estimates are based on the Kotchen (2017) value of US$48 per tonne of Carbon.

Incorporating UWI Site Specific Carbon Data
The previous analysis relied on the global average taken from the literature. The UWI team also

conducted an analysis of carbon stock as outlined in the companion report (UWI, 2019). We
also use the lower and upper bound of CMgHa-1 to assess the actual Social Cost of Carbon
based on these estimates. The UWI component (Spence 2019) estimated carbon flux, standing
biomass and soil organic carbon for the three locations. Using the mean bulk density value from
a pedotransfer function (Grigal et al 1989) estimates were shown to be higher than the global
average (386 MgCHa™). The average soil organic carbon stocks (MgCHa™") were 1023.12
(Portland Cottage), 1205.75 (Bogue) and 878 for Salt Marsh. These site specific averages were
used to estimate SCC and are presented in Table 4 below.
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Table 2 Annual Carbon sequestration values for mangrove study sites

Portland Cottage Bogue Lagoon Salt Marsh Combined Sites Jamaica Total

Area (Ha) 254.2 66.2 24.5 344.9 9,715

Tonnes C Sequestered 98,121 25,553 9,457 133,131 3,749,990

Tonnes of CO; equivalent 359,778 93,695 34,676 488,148 13,749,965
Estimated Price T-' C (Social Cost of Carbon)

$48 (Latin America) $4,709,818 $1,226,554 $453,936 $6,390,307 $179,999,520

Rate of time Preference

0% PRTP = $677 $66,428,052 $17,299,516 $6,402,389 $90,129,958 $2,538,743,230

1% PRTP = $360 $35,323,632 $9,199,152 $3,404,520 $47,927,304 $1,349,996,400

3% PRTP = $44 $4,317,333 $1,124,341 $416,108 $5,857,782 $164,999,560
Jamaican Dollars - (US$1 = JM$130) Estimated Price T C (Social Cost of Carbon)

J$6,240 (Latin America) $612,276,228 $159,451,968 $59,011,680  $830,739,936 $23,399,937,600

Rate of time Preference (Jamaican Dollars)
0% PRTP = $88,010 $2,806,266,320 $730,821,520 $270,470,200 $3,807,558,040 $107,249,714,000
1% PRTP = $46,800 $1,186,285,308 $308,938,188 $114,335,130 $1,609,558,626 $45,337,379,100
3% PRTP = $5,720 $357,161,168 $93,013,648 $34,423,480  $484,598,296 $13,649,963,600
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Table 3 Net present value (NPV) of annually sequestering carbon at various discount rates over 100 year period (SCC US$48 T-1C)

SCC= US$48 T''C
Portland Cottage
Bogue Lagoon
Salt Marsh
Combined Sites
Jamaica Total
SCC=J$6240T'C
Portland Cottage
Bogue Lagoon
Salt Marsh
Combined Sites

Jamaica Total

0.0%

$466,271,942
$121,428,806
$44,939,664
$632,640,413
$17,819,952,480

$60,615,352,460
$15,785,744,780
$5,842,156,320
$82,243,253,690
$2,316,593,822,400

Discount Rates

1.4% 3% 5% 10%
Net Present Values (100 Years)
$248,002,288 $144,252,442 $88,994,496 $42,813,106
$64,585,962 $37,566,922 $23,176,379 $11,149,597
$23,902,660 $13,903,166 $8,577,361 $4,126,361
$336,490,909 $195,722,531 $120,748,237 $58,089,065

$9,478,136,231 $5,513,030,978 $3,401,186,195
Net Present Values (100 Years)

$1,636,228,655

$32,240,297,440  $18,752,817,460  $11,569,284,480 $5,565,703,780
$8,396,175,060 $4,883,699,860 $3,012,929,270 $1,449,447,610
$3,107,345,800 $1,807,411,580 $1,115,056,930 $536,426,930
$43,743,818,170  $25,443,929,030  $15,697,270,810 $7,551,578,450

$1,232,157,710,030 $716,694,027,140 $442,154,205,350 $212,709,725,150
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Table 4: Site specific carbon sequestration values for mangrove study sites

Avg Soil Carbon Stock (MgCHa™)
Area (Ha)

Tonnes C Sequestered

Tonnes of CO; equivalent

Portland Cottage

1023.12
254.2

260,077
953,616

Bogue Lagoon

1205.75
66.2
79,821
292,676

Estimated Price T-' C (Social Cost of Carbon)

UsS$48
JM$6,420

0% PRTP = $677
1% PRTP = $360
3% PRTP = $44

$12,483,701

$1,622,881,129
Rate of time Preference
$176,072,199

$93,627,757
$11,443,393

$3,831,391

$498,080,856

$54,038,580
$28,735,434
$3,512,109

JMS$ - Rate of time Preference
$7,025,015,400 $1,893,183,110
$3,735,606,420 $1,006,714,800

0% PRTP = $88,010
1% PRTP = $46,800
3% PRTP = $5,720

$22,889,385,870
$12,171,608,410
$1,487,641,090

$456,574,170

Salt Marsh
878

24.5

21,511
78,874

$1,032,528
$134,228,640

$14,562,947

$7,743,960
$946,484

$123,042,920

Table 5: Net present value (NPV) of annually sequestering carbon at various discount rates over 100 year period (SCC

$48T-1C)

Discount Rates

0.0% 1.4% 3% 5% 10%
SCC= Net Present Values (100 Years)
US$48 T
'c
Portland $1,235,886,399  $657,347,413  $382,351,188  $235,886,137  $113,479,132
Cottage
Bogue $379,307,709  $201,747,459  $117,347,964 $72,396,161 $34,828,047
Lagoon
Salt Marsh $102,220,272 $54,369,262 $31,624,300 $19,510,163 $9,385,869
SCC Jamaican Dollars - Net Present Values (100 Years)
J$6,240
T'C
Portland $160,665,231,870 $85,455,163,690 $49,705,654,440 $30,665,197,810 $14,752,287,160
Cottage
Bogue $49,310,002,170 $26,227,169,670 $15,255,235,320  $9,411,500,930  $4,527,646,110
Lagoon
Salt Marsh $13,288,635,360  $7,068,004,060  $4,111,159,000 $2,536,321,190  $1,220,162,970
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Discussion: Carbon Values
Using a global soil carbon stock average of 386 MgCHa™ and a social cost of carbon (SCC) of

$48 T C the value of annual sequestration for Portland Bight, Bogue Lagoon and Salt Marsh are
respectively US$4,709,818, $1,226,554 and $453,936 (JMD $612,276,340, $159,452,020 and
$59,011,680). Net Present Values calculated for a 100-year times span show estimated values for
keeping carbon sequestered ranging from $4.1M (Salt Marsh) to $466M (Portland Bight).

However when estimates of soil carbon stock for each location were used with the same SCC the
value of annual sequestration for Portland Bight, Bogue Lagoon and Salt Marsh are $12,483,701,
$3,831,391 and $1,032,528 (JM$1,622,881,129, $498,080,856 and $134,228,640) respectively.
The site-specific economic SCC values are higher than the global average. Similarly the Net
Present Values for a 100 year time span at different discount rates are higher than the estimates
using the global carbon stock average. As discussed previously, these value estimates are
influenced by the choice of discount rate. It should again be noted that these values represent
the avoided costs to society of not releasing this stored carbon to the atmosphere.

The site specific results confirm that based on the carbon stocks at these three sites there is
significant carbon sequestration economic value. Estimating the economic benefits of
sequestering carbon forms the basis for the development of carbon markets. Jamaica through
these study sites and more broadly other mangrove forested areas could seek to partner with
stakeholders to develop a blue carbon market. This could be in the form of trading on the
international market (REDD+ schemes or other private markets) or possibly develop an
indigenous or local carbon market. This may require engaging the hotel sector, major
infrastructure developers and agriculture as part of the process.
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Economic Contribution to Nearshore Fisheries

Overview
Mangrove fisheries benefits are typically derived from two key ecological mechanisms. The first,

is the high level of primary productivity from the mangrove trees and from other producers in
the mangrove environment that supports secondary consumers. This high level of primary
productivity forms the basis of food chains that support a range of commercially important
species. The second is the physical structure (habitat) that they provide, creating attachment
points for species that need a hard substrate to grow on, as well as shelter from predation and a
benign physical environment. These two mechanisms combine to make mangroves particularly
effective as nursery grounds for juveniles of species that later move offshore or to adjacent
habitats such as coral reefs (Hutchinson et al 2014).

Many offshore species are found in mangroves during part of their life cycle, most commonly as
juveniles. Indeed, juveniles of some species of penaeid prawn are found almost exclusively in
mangroves. Many fish species are also found in mangroves as juveniles, and studies have
demonstrated the movement of juveniles from mangroves to coral reefs and other offshore
habitats (Kimirei et al. 2013). For Jamaica, studies showed that over 220 species of fish use
mangroves to lay their eggs and feed (NEPA, 2013). This includes many commercial fish such as
grunt, snapper, snook, tarpon, barracuda and mackerel. Furthermore, important reef cleaners
such as the Rainbow Parrotfish (Scarus guacamaia), are highly dependent on mangroves for
breeding.

In addition to nursery services, mangroves also support commercial harvest of fin and shellfish
species these include mullets, crabs, oysters and other estuarine species. While some species use
mangroves only at certain life history stages, for example snapper may live in the mangrove as
juveniles before moving to coral reefs as adults, other species live outside the mangrove but
enter it at high tide to feed. This highlights the potential importance of habitat linkages in
enhancing fish productivity, while also making it challenging to isolate the role of mangroves in
supporting fisheries in such mixed habitat systems.

Estimating the economic value of mangrove-associated fisheries is challenging, particularly at
regional or global scales (Hutchinson et al 2014). Estimation of the proportional contribution to
commercial (or subsistence) fish harvest is typically very data limited. The additional challenge
these estimates is the underlying complexity and variability of the types of fisheries. Several
studies are limited to individual target species or specific fishing methods and as a result
capture only a part of the total fisheries value. Estimates for the economic contribution of
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mangrove habitat support to offshore fisheries can also vary spatially given differences between
quality of the habitat at the seaward edge or “fringe” of the mangrove forests as compared to
further inland (Aburto-Oropeza et al 2008).

Mangroves are important as breeding and nursery areas for fish and prawns that form the basis
of major fisheries (Bann, 1997; Sasekumar et al., 1992). Annual commercial fish harvests from
mangroves have been valued at from US$6,200 per km? in the United States to US$60 000 per
km? in Indonesia (Bann, 1997).

Other studies have produced estimates with ranges between 5-25 per cent contribution of
mangrove to offshore fishery (Spurgeon, 2002). Another study estimated a 31.7 % contribution
of the local fishery landings the mangrove (Aburto-Oropreza, 2008), an equivalent of $15,000
dollars per acre. While another study on the contribution of Malaysian mangroves to nursery
areas, coastal food chains and fisheries show that net fisheries contribution from 1 ha of
mangrove forest amounted to US$846 yr~' (Chong, 2007). The science underpinning our
understanding of the role of mangroves has grown and show strong evidence that supports
their effects in enhancing coastal and cross-shelf fisheries. These studies include examining
correlations between catches of fish and mangrove area (Aburto-Oropeza et al. 2008),
contribution to fish abundance (Laegdsgaard and Johnson 2001, Nagelkerken et al. 2001) as well
as stable isotope studies that confirm fish movement between mangroves to coral reefs and
other habitats as they mature (e.g. McMahon et al. 2011, Kimirei et al. 2013).

In the context of climate change and resilience (ecological and human), mangrove values for
fisheries need to be viewed in a host of different contexts (Hutchinson et al, 2014). In many
countries it is often the case that (subsistence) inshore fisheries are more valuable as a protein
source in coastal communities where there is no agriculture, or where poverty prevents the
purchase of other protein sources. It is therefore important to keep in mind that higher numbers
of vulnerable populations engaging in low vales fisheries may have a more important localized
social economic impact that higher value commercialized catch. Unfortunately, catch statistics
for inshore, mixed-species fisheries are rarely recorded or reported. This makes it very difficult to
assess the volume or value of fish caught and often results in undervaluation of this ecosystem
service. Additional challenges for Jamaica is that the impact of overfishing is even more
compounded in nearshore environments (FAO 2005; NEPA, 2011).

As mentioned previously other components of the broader project are focused on the disaster
risk mitigation role of mangroves. There are additional protective roles that mangroves serve
linked directly to fisheries. The provision of safe refuges for boats and fishing equipment in
mangrove lagoons and forests during high energy events (storms and hurricanes) is an
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regulating ecosystem service that translates to avoided costs of damage. Storm refuge systems
exist in many jurisdictions where special permission is granted to areas typically not permitted
for boat owners to use mangrove safe areas

Methodology
The primary method utilized in for this component is a value transfer approach based on

relevant global and Caribbean literature. The value transfer approach relies on linking the area of
mangrove to its potential contribution to nearshore fisheries. These value transfers are based on
studies that utilized a production function-based approach to derive estimates of fisheries value
from mangroves. It is also dependent on objective measures of biophysical parameters that can
then be tracked to corresponding changes in marketed output of the product. In this case, fish
and seafood products.

In order to estimate the extent to which a given area of mangrove will benefit fisheries within
and around it, it is necessary to understand the drivers of fish productivity and fishery value. As a
habitat type, mangroves are highly variable and are located across a broad range of climate
types from wet tropical to desert and temperate regions. Individual mangrove areas may have
anything between one and 50 of the roughly 65 mangrove species, and the trees may be
anything from small shrubs to 40m tall forests. It is important to note that environmental
conditions are important. For example estuarine mangroves with abundant nutrients and fresh
water input will be taller and more productive than mangroves on oceanic coral islands. Each
individual mangrove forest is therefore unique, and this extensive variability makes predicting
fish production a challenge. There are some common factors that influence production and
fishery value in all mangroves. These can be demonstrated in the figure below (adapted from
Hutchinson et al 2014) which describes a conceptual model of the drivers of mangrove fishery
catch and value.

The conceptual diagram below is based on the assertion that environmental drivers determine
the potential fishable biomass that might be present in natural conditions. This means that
actual fishable biomass can be impacted from human impacts on the mangrove ecosystem and
fish stocks. These impacts may however be mitigated by conservation and fishery management.
The catch depends on the actual fishable biomass, and the socio-economic drivers that
determine fishing effort.

In order to calculate reasonably accurate estimates of economic contribution of the fishery it will
require data that allows for the prediction of potential fishable biomass (carrying capacity).
Linking the environmental with the human impact drivers also requires data that could be
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obtained from monitoring. The link between ecosystem function and productivity and humans'
dependence is manifested through the amount of fish harvested and sold (consumed). The
economic contribution from the mangroves is then captured using this metric ($/kg of fish sold).
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Figure 3: Conceptual Model of the drivers of mangrove fisher catch and value (from Hutchinson et al 2074)

Findings

The estimates of value per site outlined below are based on a review of related literature and
subsequent benefit (value) transfer. There are studies with broad range estimates of mangrove-
associated fisheries economic values often in excess of US$1000 per hectare per year. Based on
a comparison of a variety of studies that included a range of mangrove types and fisheries, the
global median value of US $77/ha/yr for (fin) fish, and US $213/ha/yr for mixed species fisheries
(Hutchinson et al 2014) was used for this analysis. These median values are within the context of
a wide variation value. For example, for mixed-species fisheries, the values ranged from $17.50
to $3,412 ha/yr. These median values are used as the value transfer estimates for the Jamaican

mangrove sites.
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Table 6: Estimated annual economic contribution of mangrove to small-scale mixed fisheries

Portland Bight Bogue Lagoon Salt Marsh
254.2 66.2 24.5
$ Per Ha Per Annum
Fin Fish (US$77/J$10,010) $19,573 (J$2,544,490)  $5,097 (J$662,610) $1,886 (J$245,180)
Mixed Fisheries $54,145 (J$7,038,850)  $14,101 (J$1,833,130)
($213/1$27,690) $5,218 (J$678,340)

These estimates show that the economic contribution from these sites are relatively modest in
comparison to other systems. However, these are relatively small areas and limited their ability
to contribute more significantly to fishers’ incomes. As indicated previously, these figures are
based on median global estimates with wide ranges. These extrapolations, especially when
expressed as simple averages, are therefore highly uncertain. Such global extrapolations also
miss the spatial variability in mangrove-associated fishery values due to both local ecological
factors, and a host of social, cultural and economic influences. The complexity of the different
fishery types, scales, and fishing methods likely present at or adjacent to these three mangrove
sites, coupled with the lack of current data on fish catch or number of fishing vessels meant that
for this analysis it was not possible to develop a model linking the mangrove ecology and
juvenile fish larvae with observed catch. These results should therefore be understood in this
context. Fisheries landing data for beaches that may be in the proximity of these sites are not
readily available. This is another data gap that needs to be addressed either through targeted
creel surveys on site, or other methods used to estimate catch and effort information that can
then be extrapolated to earnings. Economic information from these fishing beaches may be
influenced by nursery or spill over effects and can be used to make stronger linkages and
highlight the role that mangroves play in supporting nearshore commercial fisheries.

The figure below illustrates the distribution of authorized fishing beaches along the coastline of
Jamaica. When considering the three study sites there fishing beaches that may benefit from the
presence of mangrove stands. The figures below illustrate the proximity of fishing beaches to
each study site (CFRAMP 2000). The fishing activity from each beach may be in part be
supported by the mangrove forests.

One fisheries management mechanism employed by the Fisheries Division was the declaration
of seventeen marine areas as Special Fishery Conservation Areas (SCFA), also known as fish
sanctuaries (MICAF, 2011). Each SFCA varies in size, ecosystems present, and management (see
Figure 4 below). This management approach aims to protect and enhance the fish stock and to
promote increased biodiversity in coastal and marine areas.
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Special Fishery Conservation Areas in Jamaica (2013)
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Figure 4: Map of Special Fishery Conservation Areas

An examination of the figure above shows that many of the SFCA include mangrove forests. In
fact, these areas were selected based on a number of criteria including the presence of seagrass
beds, a reef system and/or shallow waters abutting mangrove stands (MICAF, 2011) in their

presence played an important role in site selection. It should be noted that there are currently

two SFCAs established at two of the three study sites (Bogue and Portland Bight) and a third is

proposed for Salt Marsh (MICAF, 2017).

Figure 5 shows the locations of the three project sites and their proximity to fishing beaches,

protected areas and SFCAs.
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Figure 5: Island wide fishing beaches, project sites and Special Fish Conservation Areas

The figures below show the beaches that could potentially be benefiting from the fisheries
provisioning services provided by the mangrove forests close by.
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To date there is limited data that indicates success (or lack thereof) of the SFCAs. Of those with
publicly available data, the Oracabessa Bay SFCA has reported a 1,313.05% increase in fish
biomass between 2011 and 2014 (NEPA, 2014). Similar data, if collected from other fish
sanctuaries could be incorporated into the decision making process or validate the selection of
these sites and the use of this approach as a fisheries management measure. The collection of
this information along with data from fishers who may be experiencing improved fish catch per
unit effort as a result of spillover effects from the SCFA is highly recommended. Another area for
future investigation is examining the correlation of the size of the mangrove areas within these
SCFAs and the comparative economic benefits to fishers. Establishing both ecological (fish
biomass) and economic (fishery revenues) metrics is important to measure the effectiveness of
this management approach. If it can be demonstrated that larger mangrove areas (fringe)
corresponds with increased positive spillover effects and subsequent increases in fish catch it
will support continued used of SFCAs that incorporate mangrove forests as a key component.
This kind of information can also support arguments for mangrove restoration approaches.

Incorporating UWI Site-Specific Fisheries Data
At the three study sites, light traps were secured to red mangrove prop roots (in at least 1 m

water depth) and used to collect fish larvae samples. Sampling was conducted during new moon
phases. Fish larvae from these samples were identified, enumerated and then used to provide
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information on; richness, presence of commercially important species and their relative
abundance.

The UWI ecological team noted some major limitations with this approach. Firstly they were
unable to assess fish species composition over a standard 12 month period in part due to the
requirement to set light traps a new moon cycle. They were also unable to sample in multiple
locations at the same time. In addition, adult fish biomass is difficult to determine for mangrove
areas without destructive sampling (pot/trap fishing). They did also note that adult fishes use the
mangroves seasonally (for spawning) or diurnally (for feeding) but there are a few ‘commercially
important’ adult species such as grunts, mojarras, sea breams, mullets and tarpons that are
found permanently in mangrove areas in Jamaica. Based on some of the limitations cited above,
adult fish species were not sampled. Summarized results are found below, but more details can
be found in the full report (UWI, 2019).

Bogue Lagoon
Eleven fish families were identified in the Bogue Lagoon study location from the light trap

assessment. 54% of the species belonged to the Gobiidae family other identified species
included Atherinidae family accounting for 28 % of species. This family includes white
fry/silverside which also fishers as bait. Other larval species identified at this site included Gray
Snapper and School Master Snapper from the Lutjanidae family and Tetraodontidae (pufferfish
family). The Snappers are commercially important species (UWI, 2019).

Portland Cottage
The light trap assessment for Portland Cottage yielded only one (1) family (Gerreidae) across

two sampling locations at the site. This family of fish, also known as mojarra and include the
Silver Jenny a common prey/bait fish used throughout the Caribbean and is not considered of
high commercial value. Given the relative area and maturity of mangrove stands at this location,
it is unclear why only one family of fish were detected at the site. The UWI led socioeconomic
survey of surrounding communities examined the services that mangroves provided to the
community. Only 37 (35.6%) of the sample were fishermen and of this number 24 responded to
whether they fished in the mangroves. Of that amount, 13 (54.2%) stated that they fish in the
mangrove mainly for home use and to a lesser extent commercial purposes. It should be noted
that this area is protected and fishing should be off limits. However level of poverty and lack of
other economic opportunities underscores the importance of these of mangroves to the
livelihoods of these fishermen. The majority of these fishers reported using the mangrove areas
for fishing 1 to 3 times per week. Among the fishes caught in the mangroves, which are for
domestic consumption or sold are Grunt, Parrot, Sprat, Jack, Snapper and Doctor Fish. Snapper,
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Grunt and Parrot fish are primarily consumed in these communities. The sale of catch occurs
only within in the community. A small number of respondents (11) reported weekly income from
the sale of fish ranging from J$3000 ($US23) to J$40000 (US$308) with an average income of
J$12090.90 (US$93). Most respondents reported experiencing a decline in income from the sale
of fish the last 5 years. Subsistence extraction of oysters, fish bait and crabs was also reported
for this site but no dollar values for these components were ascertained.

Salt Marsh
The light trap study conducted at Salt Marsh detected eleven fish families within the location.

The results from the trap showed that over half of the species found, belonged to the Labridae
family, which includes the Dwarf wrasse, 7% belonged to the Blennidae family (blennies), and 1%
belonged to the Eleotridae family which includes Emerald sleeper. These species are not
considered to have high commercial value. Also found were high a percentage of species
belonging to the Clupeidae family (sardine, sprat, and small herring/ green fry) are a minor
commercial fish species often harvested for use as bait.

Household survey at this site revealed a low percentage of fishers compared to the sample
population (16.7%). Of the respondents who indicated that, they were fishers and even smaller
sub sample indicated that they fished in the mangroves. These fishers also stated that fishing in
the mangrove was mainly for domestic use and to a lesser extent commercial sale.

Larval contribution to commercial fisheries
Unfortunately, not much of the larval data collected at these sites can be used to extrapolate the

contribution to fisheries. It was however notable that for some locations commercially relevant
larval species included Snappers and Clupeid family (which are typically used as bait fish). The
UWI ecology component also noted that adult fish use the mangroves seasonally (for spawning)
or diurnally (for feeding) but also stated there are a few commercially important adult species
such as grunts, mojarras, sea breams, mullets and tarpons that are found permanently in
mangrove areas in Jamaica. In the absence of in water observations or samples caught with fish
traps the UWI team was not able to report on adult fish species composition for this study.

Social Dependence
Even in the absence of catch data for commercially important adult species. The UWI social

science team were able to capture information from respondents surrounding these sties.
Residents in Portland Cottage and Salt Marsh depend heavily on mangrove fisheries products to
subsidize their household protein requirements. At Portland Cottage, fishers reported earning
an average of US$93 per week from mangrove related fishing activity. In addition to commercial
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sale of fish products, respondents indicated a high level of dependence on fish and other
mangrove products to supplement their protein intake (subsistence).

Other Potential Benefits: High end Recreational Fisheries
There is one mangrove ecosystem service that is currently underutilised. Recreational ecosystem

services could support the development of a tourism product linked to catch and release high
end recreational fishing in these mangrove areas. In general, recreational fishing is carried out
for pleasure and while some cases it generates a small harvest, usually for personal
consumption, in other cases the catch may not even be kept.

Among the highest value recreational targets are a range of fish species valued for their “fight”
the challenge of catching them, as opposed to their nutritional value (Hutchinson et al 2014).
Fish species, such as tarpon (Megalops spp.) and bonefish (Albula spp.) attract recreational
fishermen who will spend money on transport, accommodation, food and guiding associated
with these trips. With these factors in mind the value of recreational fisheries can be very high,
and often higher than other mangrove-associated fisheries. For example, catch-and-release
fishing for bonefish contributes around US$1 billion per year to Florida's economy (Ault et al.
2010). There is an opportunity for Jamaica to develop their recreational fishing industry and in
particular the catch and release segment of sport fishers. Some Caribbean examples include
bonefish, permit and tarpon fishing in Belize reportedly worth US $56.5 million 2007 (Fedler and
Hayes 2008), and US $141 million to the Bahamas in 2008 (Fedler 2010). Assessing the feasibility
of promoting a high-end catch and release fishery that is associated with mangroves will require
data on their role in providing habitat for key species of interest. Two of the three study sites are
already located on the north coast of Jamaica with established tourism infrastructure. As with
SCFAs this tourism activity can also be incorporated into an overall mangrove restoration
strategy given the potential economic and ecological benefits. Given the likely high overlap with
this type of tourism activity with the skills associated with artisanal fishing as opposed to say
crafts or other alternative livelihood activities requiring higher levels of capacity building and
knowledge transfer. This kind of activity may therefore have a high potential for success as an
alternative livelihood strategy for fishers.

Low Impact Mariculture
The implementation of low impact types of mariculture activities could be an additional area of

benefit for vulnerable communities. It should be noted that this is not large-scale aquaculture t
that may involve the destruction of existing mangrove stands for example shrimp farming.
Instead mangroves are perfect locations for introducing low impact mariculture approaches. This
may require the rejuvenation of previous Jamaican efforts to raise oysters (Crassostrea
rhizophorae and Isognomon alatus) and other bivalves. These species occur naturally in the study
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sites and may already be subject to some level of harvest. The need to implement programs and
frameworks to ensure that the fisheries sector is more resilient and adaptive to climate change
has been an on-going initiative of many national economies and is considered necessary for
Jamaica (Jones, 2017). Mangrove forests are excellent locations to support alternative livelihood
strategies. One component of the Pilot Program for Climate Resilience (PPCR) is looking at the
potential for sustainable and low impact aquaculture of oysters. The PPCR subcomponents have
a focus on alternative livelihoods. Two of which are most applicable to mangrove forests,
namely;

e Promoting Community-based Aquaculture — which involves the establishment of fish
farm clusters in selected communities, contracting new fish farmers and providing inputs
and farming materials by partnering with aquaculture/processing enterprises, and
providing training. This subcomponent would support fisher folk, women and youth in
targeted fishing communities to invest in aquaculture;

e Developing Coastal Mariculture/Polyculture — which are commercially viable and
ecologically important with the aim of increasing marine-based sustainable livelihoods
activities that keep the communities’ seafaring traditions alive;

Discussion: Mangrove Fisheries Benefits
Jamaican wetlands and mangroves are decreasing in many coastal areas due to human activity

and this has important implications on sustaining Jamaica's social and economic development
(NEPA SOE Report 2013). For example, the loss of mangroves means major breeding grounds
for fish, crabs, shrimps, prawns and other commercial and non-commercial marine life are no
longer available. This in turn, reduces the possibilities of sustaining the livelihoods of over
23,000 licensed fisher folk as well as many more who fish informally (Jones, 2017).

Mangrove fisheries are particularly important in developing countries like Jamaica, as they
provide a critical source of food and income for many who have few livelihood alternatives.
These ecosystems support a broad range of fishing methods and result in the exploitation of a
wide range of species. Mangrove forests also support inshore mixed species artisanal fisheries
conducted with limited equipment, on foot or from open boats. This type of fishing is usually
linked to small-scale commercial purposes and subsistence fisheries where the catch is primarily
used to feed the fisher, family members and close community, with limited market transactions
(Hutchinson et al 2014).

The estimates of economic contribution of mangroves to nearshore fisheries are modest. This is
due to limitations based on the value transfer approach used. These modest estimates are also
as a result of the relatively small areas (Ha) for these study sites as compared to other studies.
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The lack of creel survey data from the responsible government agency presents significant
limitations on the ability to extrapolate economic benefits for fish sales. The data on economic
activity at the fishing beaches that may be cross-referenced with the location and potential
beneficial influence from the mangroves at the study sites is not available. This type of data will
be needed to improve the estimates of mangrove contribution to nearshore fisheries.

There are additional approaches not explored here that have the potential to provide additional
economic information about key ecosystem services. These approaches require closer synergy
between biophysical and social science methods. Improvements to bio-economic models will
rely on more focused research that allows for explicit links between mangrove area, fish larvae
population, in water fish census and fishing effort and catch. The conversion of catch per unit
effort into economic value (revenues, profits etc.) can therefore be linked to the ecological
productivity of a given mangrove site. This integrated research approach should result in
bioeconomic models that are more representative of the site than the values taken from global
extrapolations.

This information could be more beneficial if it was combined with biological data collected for
corresponding adult species using appropriate (in water) fish census techniques. This may
require a combination of fish counts (adapted for mangroves) in conjunction with other
traditional in-water fish census techniques including belt transects (AGGRA* and others) and/or
stationary counts (Bohnsack and Bannerot, 1986). Biological sampling of harvestable adults that
utilise mangroves and associated ecosystems (seagrass beds and coral reefs) should produce
data that can then be extrapolated into estimates potential catch. Improving these two types of
information at the local scale would lead to better models for estimated the contribution of
mangroves to nearshore fisheries. There studies that provide methodological approaches to
generating data that can be incorporated in to bioeconomic modeling (UNEP, 2011; Hutchinson
et al 2014). This combination of data sources can be used to develop more locally appropriate
models of fish productivity.

These approaches will also rely on site-specific information on commercial or artisanal catch
information. This is often difficult to acquire from the responsible government agencies. At even
finer scale information related to subsistence and commercial harvest of mangrove crabs and
other invertebrates such as oysters is often non-existent. In order to paint a complete and
accurate local (or national) picture of biomass harvested from these mangrove systems
resources will be required to collect and analyse this data. The development of site specific or
Jamaica focused ecosystem models can therefore be used to develop production functions for

4 Atlantic and Gulf Rapid Reef Assessment Program
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predicting biomass and by extension potential contribution to commercial/subsistence fisheries.
Based on the timing and resources allocated to this study it was not possible to develop such
models using the larval fish (light trap) data for commercially important species data collected
by the UWI ecology team.

Some of the early findings suggest that the Special Fishery Conservation Areas (SCFA) seem to
be working (NEPA 2013). The next step from beyond identifying increases in biomass, would be
to quantitatively confirm the impact of spill over effects on the catch of mangrove associated
fish species.

There is a potential economic benefit from developing a high-end recreational fishery focused
on catch and release based on species associated with mangroves. This type of activity could has
the potential to contribute the local (site based) economy and builds individual and community
resilience in the face of climate change. This would also supports alternative livelihood strategies
for mangrove dependent communities and in particular fishers.

Other Market Based Values

This section will discuss other potential sources of economic benefits from mangroves. Brief
considerations of market-based approaches include provisioning services as well as regulating
services that can be easily observed or traded in the market. It should be noted that even where
market transactions occur, the prices do not necessarily reflect the value of the particular good
or service being provided by the mangroves and in fact may be underreporting the full value. As
mentioned in earlier sections of this report, there other components of the larger study focused
on applying a market-based approach to the economic benefits of avoided damages based on
the services provided by mangroves. This will not be the focus in this report as it is covered
elsewhere.

Economic Benefits of Honey Bees
Mangroves attract honeybees and facilitate apiculture activities for people living along the

coastal zones (Siddiqi, 1997). Mangroves apiculture activities accounts for about 90% of honey
production among the mangrove communities in India (Krishnamurthy, [1990). While in
Bangladesh, an estimated 185 tons of honey and 44.4 tons of wax are harvested each year in the
western part of the mangrove forest (Siddiqi, 1997). Beekeeping is also a very benign way of
obtaining a harvest from natural forests. Beekeeping is practised by a variety of different
techniques that can be selected and adapted depending upon the situation of resource-poor
community members who depend on mangrove forests.

34



Valuation of Selected Ecosystem Service Co-Benefits Beyond Coastal Protection (2019)

In Tanzania, the black mangrove Avicennia germinans is also known as the honey mangrove. It
has small white flowers that produce abundant nectar. There is little research on the relationship
between bees and mangrove, however from observation of the type of pollen, nectar and scent,
it appears that mangrove species are dependent upon bee pollination, and mangrove provides
excellent forage for bees and significant honey crops (Ibrahim, 2016). In Florida the main species
for pollen and nectar production are the black mangrove Avicennia germinans, buttonbush
(Conocarpus erectus), and white mangrove (Laguncularia racemosa) (Stanford, 1983). As part of
their regular husbandry techniques, beekeepers in Florida migrate their hives between the citrus
growing areas in central Florida and the mangrove areas, with the mangrove honey season
extending from mid May to early August. Average honey production from the mangrove is 35-
40 kilogram per colony (Hamilton and Snedaker, 1984). In Cuba, there is a tradition of moving
thousands of bee colonies to mangroves during their long blooming season.

Beekeeping provides one of the few sustainable ways to use mangroves and if done without
harming the bees, it has no overall negative impact. Implementing beekeeping extension as part
of local social development efforts can be used not only as a mechanism for providing
alternative livelihoods but also as a way to protect the mangrove vegetation from deforestation.
The promotion of honey bees has been cited as an integral part of the national strategy for the
protection of Guyana’s mangrove forests though the Guyana Mangrove Restoration Project
(GMRP) implemented by the Ministry of Agriculture (http://www.mangrovesgy.org/home/). In
addition to European honeybees, mangroves are also home to other pollinators (insect and

animal) and serve as a natural reservoir for pollination services that provides an ecosystem
service benefit to the agricultural sector.

The pollination services of bees are widely understood to be of immense value to natural and
agricultural systems but putting a figure on this value is difficult. The only route towards valuing
forest beekeeping is to measure the income earned from the sales of bee products. The paucity
of robust quantitative data in about the value of forests for beekeeping and their contribution to
livelihoods in financial terms, is one reason why beekeeping remains in the margins of
development planning. This not true not only for Jamaica but globally. This analysis does not
examine any local data regarding actual or potential yield from mangrove honey but highlights
that this is another ecosystem service that has the potential to be monetized. More importantly
developing a non-invasive approach that can be used to support local incomes can be part of an
overall strategy to build resilience in the face of climate change. Therefore the application of a
market price-based approach would be the best approach to estimate economic information on
the ecosystem services provided by bees.
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Other Market Replacement Estimates
In general the most feasible methods often applied to estimating economic information for

coastal protection, water regulation and erosion control typically utilise the “cost of avoided
damages” approach. Cost-based approaches are based on estimations of the costs that would
be incurred if ecosystem service benefits needed to be recreated through artificial means (TEEB
2010). The damage cost avoided, replacement cost, and substitute cost methods are related
methods that estimate values of ecosystem services based on either the costs of avoiding
damages due to lost services, the cost of replacing ecosystem services, or the cost of providing
substitute services. It should be noted that these methods do not provide strict measures of
economic value, which are based on peoples’ willingness to pay for a product or service.
Instead, they assume that the costs of avoiding damages or replacing mangroves or their
services. This is based on the assumption that, if people incur costs to avoid damages caused by
lost ecosystem services, or to replace the services of mangroves, then those services must be
worth at least what people paid to replace them. Thus, the methods are most appropriately
applied in cases where damage avoidance or replacement expenditures have actually been, or
will actually be, made.

As a reminder, this report complements another study (TNC/UCSC 2019) that applied a
comprehensive damage avoidance framework used to examine the role mangroves play in
protecting coastal infrastructure, lives and livelihoods. This analysis, does not attempt to

replicate the flood reduction benefits of Jamaican mangroves but instead examines the literature

for other ecosystem services that may can be estimated using that approach. For example
regulating ecosystem services of mangroves that address water (quality and quantity) or
sediment control (erosion reduction) can be estimated using damage or cost avoidance
approach. It should be noted that while some of these regulating services can be linked to
economic benefits, it is not always easy to make these linkages. As cited earlier in this report,
these two types of regulating services have not been widely assessed in the literature. This is a
gap that still needs to be addressed. A possible research approach for future work that could be
applied to the Jamaican context is suggested later in this section.

The role that mangrove forests play in regulating water quality and quantity is examined. It
should be noted that while some of these regulating services can be linked to economic
benefits, it is not always easy to make these connections.

Economic Benefits of Water Regulation
Given data constraints and the paucity of published information, this section of the analysis will

identify potential economic benefits and provide suggestions for improving the estimation of
economically relevant data. This is again a literature-based review, examining some of the
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different ways to assess value this type of value. The likely approach is to derive estimates based
on cost saving from avoiding water treatment and reducing nutrient loading into nearshore
waters. As stated previously, there are a number of caveats about how this information (costs
avoided) should be interpreted including the fact that these economic estimates typically
undervalue the service (Desvouges et al, 1992).

Mangroves are natural filters that improve water quality through the control of sediments and
the filtering of unwanted nutrients, such as sewage and some agricultural inputs, are being lost
at a time when there are indications that nutrient levels in coastal marine areas are increasing
(NEPA 2013). An assessment of marine water quality indicators across the island indicates that
most of the coastal area is under threat and are not fully meeting all the established standards
for various parameters (NEPA 2010). These elevated levels appear to be highest in areas near
coastal townships and within the plume of waterways, gullies and rivers. Mangroves could play a
role in reducing some of these deleterious impacts.

It is also notable that the study sites are located at the base of watershed areas that channel
point and non-point sources of pollution into the receiving water bodies. Sewage generated in
the Greater Montego Bay and Rose Hall area is treated at the Bogue Sewage Treatment Plant. At
the same time, there is a considerable volume of untreated waste entering the marine
environment via overland run off and upwelling in some areas. The Bogue Lagoon which
receives effluent from the municipal sewage treatment facility has been shown to have signs of
faecal stress (NEPA, 2013).

Site Level Water Quality Data
The UWI report provides details on in situ water quality parameters at the three sites. More

details on the methods, parameter and sample locations are provided in the partner report.
Brief summaries for each site are highlighted below.

Summary results for Portland Cottage showed slightly higher average water temperatures and
salinities when compared to the Bogue and Salt Marsh sites. The results show that enrichment
by evaporation is the primary driver of salinity which also determines plant community structure
and productivity. However Total Dissolved Solids (TDS) is lower than the recommended
minimum for brackish waters. Based on the two sample locations at this site, the data suggests
that there is limited lithological control on water chemistry at these sites. Spectroscopic analysis
of surface water samples from the two sampled sites at Bogue Lagoon revealed variable
concentrations for a number of major elements (heavy metals). The values suggest that there is
limited lithological control on water chemistry (UWI 2019, page 85) and like Portland Cottage,
the mangroves may not be playing a significant role in regulating the nearshore water chemistry
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in the lagoon. Water quality samples were taken at two locations within the Salt Marsh location,
Mean pH values for the sampled sites were strongly alkaline and are considered elevated and
could potentially adverse impacts on a number of vital biotic and abiotic processes in this
locality.

The summarized water quality information above is useful for establishing site level baseline
information on selected water quality parameters. However because of the sample design (two
random sites per location) the information cannot be used to comprehensively assess pollution
abatement or other regulating services provided by these mangroves. The method utilized
provides a static or snap shot of site level water quality. In order to demonstrate if the
mangroves are providing regulating services then a sample approach that shows a gradient of
water quality from inside the mangrove forest towards coastal waters should have been used.

As stated earlier, demonstrated benefits (including economic) of this particular ecosystem
service (water quality regulation) is poorly studied, In the future recommended sampling
approach should include transects with a series of water quality sampling sites that start within
the landward side of the mangrove forest and head towards adjacent coastal water body. This
approach should show if there are any changes across this gradient. It is also important to
decide on what water quality parameters are relevant for the purpose of the study. In the case of
water regulation services it may be useful to sample for heavy metals, pesticides or other
pollutants. It should be noted that the selection of parameters for assessing nutrient abatement
(N, P, K) need to be done with care. Mangroves soils and overlying waters tend to have naturally
higher levels of organic matter (detritus) when compared to adjacent seagrass and coral reef
ecosystems (Edwards, 2002). Higher concentrations of dissolved organic Carbon, Phosphorus or
Nitrogen may be above recommended baselines for recreational coastal water quality and so
these parameters may be the most appropriate for demonstrating nutrient abatement. It these
site level mangrove nutrient water quality data are linked to larger coastal models (and water
quality data) then perhaps mangrove nutrient abatement could be shown as contributing to
offshore nutrient regulation. However in the absence of data showing the change in gradient
from mangrove forest to open water this will be very difficult. A search of the literature for
some examples of possible approaches that could be used to estimate or at minimum
identifying economic benefits of water regulating ecosystem services provided by mangrove
forests are discussed below.

Based on current research one of the more feasible approaches that has been shown is applying
a variation of estimating the avoided cost of water treatment. For example estimated benefits of
improved water quality by measuring the cost of controlling effluent emissions (sewage

treatment plants). This approach has been more widely applied to more terrestrial or freshwater
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ecosystems as part of cost effectiveness analysis for potable water provision. A study in
examining wastewater treatment efficiency in China showed that mangroves were able to
reduce high levels of key water pollutants (Chemical Oxygen Demand (COD), and Biological
Oxygen Demand (BOD:s), Total Nitrogen, Total Phosphate and NHz—N). The removal rates of
organic matter and nutrients were positively correlated with plant growth (Yang, et al 2008). This
study was incidentally conducted in a constructed mangrove wetland and the results might
provide guidance in cost benefit considerations for restoration.

Mangroves also play a role in maintaining aquifers and preventing saltwater intrusion (Hilmi et
al 2017). The mangrove ecosystem has ability to reduce seawater intrusion because mangrove
can eliminate the effect of salinity, pH, pyrites and mitigate anaerobic conditions. Coastal
aquifers are very vulnerable to seawater intrusion from overexploitation (high levels of
extraction) from key stakeholders The mangrove soils play a storage function that results in
maintaining the water table in coastal areas. In the face of climate change and sea level rise,
conserving mangroves can contribute to water security. At the same time this water purification
ecosystem service can be reflected in economic terms as the avoided costs of more expensive
water provision (agriculture and domestic) by key user groups. This is however dependent on an
ability to determine if users are accessing water from wells (the aquifer) and not from other
upstream sources. The table below adapted from the National Water Commission’s information
on current rates for potable water and sewage rates. These figures are largely illustrative and
provides context regarding cost per 1000 litres for fresh water. However in the absence of the
volume of water protected by mangroves at each location and the amount of extraction
estimation is not possible.
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Table 7 Rates for Potable Water and Sewerage from the National Water Commission

Residential For up to 14,000 103.67 94.09
For the next 182.80 165.90
13,000
For the next 197.38 179.13
14,000
For the next 251.93 228.64
14,000
For the next 313.71 284.71
36,000
Over 91,000 403.83 366.51
Commercial All quantities 388.75 352.81
Condominium All quantities 192.83 174.99
Primary School All quantities 155.53 141.12

It should also be noted that the Bogue Lagoon and Salt Marsh mangrove sites are located on
the north coast of the island of Jamaica. These mangroves are likely playing a role in
maintaining coastal water quality. The loss or removal of mangroves could therefore negatively
coastal water quality and in turn negatively impact the tourism industry. Based on the results of
a choice experiment survey it was shown that tourists would have a welfare loss from reducing
water quality from status quo “good” to “fair"(Edwards 2009). This study showed that
aggregated per person consumer surplus for water quality would result in welfare loss of
US$60.1M per annum. In another scenario when the attributes of water and beach quality were
combined there was an aggregate loss in value of $198.4M (per annum) if quality changed from
“good” to “poor”. While it is recognized that it is difficult to attribute all the coastal water
quality parameters mangroves role in water clarification, these north coast mangrove study sites
do play some role in helping preserve water quality in tourist locations. Their loss would
therefore contribute to reduced economic values to tourists.

Economic Benefits of Erosion Control
Like water quality benefits of mangroves, the literature examining economic benefits of erosion

prevention is very limited. There are studies that describe ecological functions and processes
around sediment dynamics, not much exists on the economic implications of this ecosystem
service. While we utilize a cost-based (damage avoidance) framework to discuss this Jamaican
case, future studies should use economic value or consumer surplus methods to improve the
benefit estimates. Option and existence (non-market) values are based on the idea that natural
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systems like mangrove forests have some utility attached to them irrespective of whether they
produce anything tangible. The value of the “utility” which people get from knowing that a
particular natural place exists can therefore be estimated using appropriate non-market
valuation approaches. Non market valuation studies must however be carefully designed. Most
mangrove (and other ecosystems) non-market valuation studies typically bundle a broader suite
of ecosystem services into their valuation context (willingness to pay for a bundle of services)
making it difficult to disentangle these values. However a well-designed choice experiment
survey with erosion control presented as an attribute along with others (fisheries, water
regulation etc.) would allow for the estimation of implicit prices on this ecosystem service.

In order to value the type of ecosystem service, in this case erosion control, defining the type of
production or utility that it is providing is a very important step (Ruitenbeek 1992). In the
context of erosion (prevention), for example, the direct economic benefits of a remote mangrove
system that might be uninhabited (e.g. an offshore island) would practically zero. By contrast, a
mangrove system that protects agricultural lands behind it or hotels downstream, or protects
public roads and other infrastructure could be credited with an erosion control benefit if the
integrity of the road or agricultural production could be linked to the erosion protection
provided by the mangrove forest.

For cost approaches the two commonly used methods involve estimating either the "avoided
costs”, or estimating the impacts on production if the particular service is lost. For estimating
mangrove erosion control benefits, the avoided cost approach might involve estimating the
construction and operating costs of a system of dams, weirs, artificial reefs, or other
“engineered” solutions to avert erosion. The “production impact” approach involves estimating
the value of lost production when erosion actually does occur. In cases where land is a traded
commodity, this might involve estimating the land area lost due to erosion and valuing that loss
at the current land price. In the case of these Jamaica mangrove sites, the land may not be
traded, and therefore more appropriate techniques should value the production (of agriculture,
for example) from adjacent or protected lands and then estimating the lost net output if erosion
persists (Ruitenbeek, 1992).

Caribbean studies using cost based or benefit transfer approaches were not found. However a
study in Indonesia, calculated the erosion control value of mangroves as being equivalent to
US$600 per household per year (Ruitenbeek, 1992). Another study from Thailand and Vietnam
calculated the expenditure which would be required to construct or maintaining protective
coastal infrastructure, if the mangroves were removed (Suthawan, 1999). The study estimated
avoided costs for coastline protection and stabilisation, by estimated expenditures on
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preventative methods to protect coastal infrastructure. The study estimated an annual value of
US$480 per 75m-width of mangrove.

The analysis by the UWI team showed that for Portland Cottage there seems to be a net erosion
of coastline (1961 to 2017). The net lateral seaward accretion rates are lower than long-term
erosion. This might be linked a net loss in mangrove vegetation (forest cover) over this time
period (UWI 2019 pg 107). The transportation of bauxite and alumina may play a role, or the
kind of fishing and transportation activities that occur in the bay area, but it is impossible to
determine the cause of the significant dieback. The UWI report also highlighted that, if the
denudated areas continue to expand, and subsequently become, and remain, flooded as the
peat stocks below them decay and collapse, then overtime the existing seaward fringes will
become isolated. These mangrove forest at Portland Cottage are therefore offering reduced
ecosystem services.

For Bogue Lagoon, sediment supply is apparently very low and no vertical accretion was
observed. This site is bordered by industrial, commercial, residential properties and an
established road network and has a history of geoengineering including land reclamation. The
analysis by UWI showed that over a 56 year period the site has a net accretion rate. Notably the
report suggested that the presence of the large constructed wetland for sewage treatment
located just behind the mangrove fringe may be enhancing its growth. There are other sections
of mangrove along the coastline experiencing net erosion including those along the main roads
and major developments. This should be of concern as the mangroves are serving a role by
providing natural buffers to erosional wave forces and cost saving for municipal maintenance.
The reported anthropogenic activities including dumping of construction materials by private
owners may also be contributing to the overall decline in mangrove forest cover.

For the Salt Marsh mangrove site, it appears that small scale urban sprawl may be affecting
mangrove forest cover. The report also showed that generally in many sections along the
coastline there is an alternating pattern of erosion and accretion. Possibly explained by the
localized nearshore current regime. However anthropogenic activities are believed to be a major
cause of some of the observed erosion at one of the sampled sites in an area not directly
impacted by ocean currents.

In the absence of Caribbean/ Jamaican studies that made the link between erosion prevention
and mangroves, a study of the role coral reefs play in mitigating beach erosion could provide
insights on how this could be applied (Kushner et al 2011). This study used estimates from a
previous contingent choice study (Edwards, 2009) that looked at Jamaican tourist’s willingness
to pay for improved coral reef and beach quality. The findings from this study (Edwards, 2009)
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were incorporated into an analysis that determined the welfare loss per meter loss of beach
width. The study showed that at the end of 10 years, current erosion rates at the beaches in
Negril, Montego Bay, and Ocho Rios would cause a US$19 million annual loss in value. If reefs
degrade further, they estimated that the additional beach erosion would increase loss to US$33
million that year. A similar approach could be used to derive values for the mangroves erosion
protection ecosystem services. As mentioned previously this approach would rely valuation
estimates from a well-designed (national/international) economic valuation (attribute based,
choice experiment) study that estimated WTP for Jamaican mangrove ecosystem services
(fisheries, erosion control, water quality, carbon etc.).

Another potential way to estimate economic benefits from preventing coastal erosion is to
assess the values of houses and key coastal infrastructure protected by existing mangroves. It
would require up to date information on adjacent housing, costs to maintain road networks and
other infrastructure. A useful proxy could be cost per mile to maintain National Works Agency
NWA roads. The avoided costs of road maintenance and repair would be the main metric.

At a very basic level, the estimated (per hectare) coastal protection value for Jamaican
mangroves estimated by the USCB partner study of US$2500 per Ha (per annum) could be
compared to the annual rate of accretion or erosion. More accurate estimates to determine if
each location is experiencing a net erosion would show a corresponding loss in economic value.
While net accretion rates would demonstrate economic benefits which could include increase in
per hectare value. This is a crude approach but most feasible given the limited availability of
comprehensive data on land value, sale of properties and other commercial information for a
hedonic analysis.

General Social Dependence on Mangroves
The UWI partner study also involved a rapid socioeconomic assessment that included household

surveys of residents living close to these mangrove sites. The survey was used to collect general
socioeconomic information as well as an assessment of respondents’ general knowledge and
awareness of the role and importance of mangroves. The survey was also used to assess
respondents self-reported awareness (or lack thereof) of mangrove ecosystem services. Some of
the findings from this assessment showed that for Portland Cottage respondents reported
generally low levels of monthly income (median JM$18,000).

Of those who identified themselves as fishers who use the mangroves, the majority utilize the
areas for fishing 1 to 3 times per week. Among the fishes caught in the mangroves, which are for
domestic consumption or sold are Grunt, Parrot, Sprat, Jack, Snapper and Doctor Fish. Snapper,
Grunt and Parrot fish are primarily consumed in these communities. Respondents also indicated
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that fish are sold only in the community. Income on a weekly basis according to information
sourced from 11 self-identified fishers informed that the income from the sale of fish ranged
from J$3000 to J$40000 with an average income of J$12,091. However, most of these fishers
reported a decreased in income in the last 5 years. The majority of the respondents also
indicated that in general the volume of fish has also decreased. Apart from fish, it was reported
that oysters, shells and more importantly fish bait and crabs were also extracted. However,
majority (91.5%) of the respondents stated that they did not earn any other income or livelihood
from the mangrove (UWI 2019).

Bogue Lagoon has a different demographic profile given the nature of business and historical
industrial development of the area. While information on average incomes were not
forthcoming many respondents worked in a variety of commercial sectors. It is likely that most
respondents did not live near the mangrove site. The survey was geared towards commercial
establishments and as a result the findings were not able to be linked to the importance of
mangroves to key stakeholders such as fishers. However respondents were able to recognize a
number of benefits of mangroves including shoreline protection, providing habitat for wildlife
and medicinal uses (UWI 2019 pg 61). As stated in the UWI report, perhaps the proximity of
these business to the mangroves at Bogue may have reinforced the perceptions of the
importance of mangroves to protect the coastline and their commercial operations.
Unfortunately the survey was not able to capture any information from fishers who operate
within or in the surrounding areas. This is a gap that should be addressed in future studies.

For Salt Marsh the survey was not able to capture a significant number of fisher folk who may be
dependent on mangroves for economic sustenance. The small number of fishers surveyed (14)
was not large enough to draw any substantial conclusions on their dependence on mangrove
fish catch. Overall wider community members recognized mangrove ecosystem service benefits
such as coastal protection and wildlife habitat. The study also suggested that these services may
be particularly salient for those that may have been affected by coastal flooding or dependent
on ecotourism activities in the Salt Marsh area. Residents were also able to recognize a general
decrease in mangrove forest cover over the years due to cutting down of trees for housing
development. It was encouraging to note that a majority of the surveyed respondents expressed
a willingness to become involved in mangrove restoration activities. This was also observed in
Portland Cottage and could be a useful entry point for blue/green infrastructure economic
activities that provide alternative livelihoods for residents.
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Economic Value of Restoring Mangroves

Mangrove restoration can enhance or increase economic value if it produces new ecosystem
services that did not exist prior to restoration or if it increases the value of existing ecosystem
goods and services or the value of other economic activities that depend on ecosystem
conditions. If the total increased value exceeds the costs of restoration, then it can be
considered that the restoration had net economic benefits to society (Pendleton 2010).
Restoration decisions should informed by cost benefit analytical approaches. It is more often
than not, easier to obtain pricing for the cost side of restoration activities, for example
equipment, labour and materials to name a few. The benefit side of the equation often requires
more effort, given that some of the values reside outside of formal markets (non-market values).
The challenge with understanding, measuring, and monitoring the economic value of habitat
restoration lies in the fact that economic values of estuary and coastal ecosystems, and thus the
economic outcomes associated with restoration, are not always easy to quantify. Improving
estimates of benefit will allow for the comparison of the costs of mangrove restoration thereby
improving the overall Cost Benefit Analysis process.

Cost Benefit Analysis of Mangrove Restoration
The choice between mangrove restoration and decline can be prioritized by identifying where

the greatest return in ecosystem services can be achieved relative to restoration dollars invested
(TNC/USCB 2019). This is also why identifying or modelling how the ecosystems functions will
change is a key component of this process. This best done within Cost Benefit Analysis (CBA)
framework.

An additional challenge to valuing restoration is that it is limited to the change in ecosystem
value that can be attributed to the restoration project or program. Therefore any baseline values
for the previous degraded mangroves would not be considered. The overall net economic value
of mangrove restoration is this change in value (pre to post restoration) minus the costs of
restoration including any in-kind costs (e.g., the value of donated land).

It bears emphasising that there are pecuniary or localized economic impacts that can flow from
mangrove restoration. The infusion of money into local economies from related expenditures
can be used to estimate economic impacts of the restoration activity on local economies. The
restoration of blue green habitat such as mangroves also can have high rates of employment
per unit of money spent (e.g. Jobs per Million dollars). A study of economic impacts of coastal
habitat restoration in the US showed that fisheries habitat restoration projects created, on
average, 17 jobs per million (US) dollars spent (Edwards et al, 2013). It is however important to
be reminded that measures of economic impact do not accurately reflect economic value and
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should not be considered a metric of value. In benefit-cost analysis, wages and project spending
are accounted for as project costs. The economic impacts of blue-green or nature based coastal
infrastructure development can be compared to the analysis applied to traditional (grey)
infrastructure development efforts.

A further important unknown is whether trajectories for the recovery of ecosystem services
coincide with those for biodiversity (Bullock 2011). This is crucial not only when considering the
success of a restoration project, but also in calculating its cost effectiveness. The use of
discounting also has major implications for the valuation of benefits in the future, as the
exponential function often used short-changes the value of these services to following
generations. If intergenerational equity is to be considered where the future of nature and
human well-being is being considered, then this might lead to concerns that discounting is not
appropriate in relation to ecological restoration projects. These uncertainties indicate a need for
realistic approaches when using restoration to reverse environmental degradation and in
forecasting benefits.

Payment for Ecosystem Services schemes (PES) might skew activities towards certain services
and neglect other services and biodiversity; for example, where investors favour certain services
over others (Koellner et al, 2010). The REDD+ mechanism has been criticised for its focus on
enhancement of forest carbon stocks, as there is a possibility that other services and social
issues could be adversely affected. Evidence also suggests that there is a trade-off between
protecting biodiversity and reducing carbon emissions, indicating that REDD+ funds will need to
be carefully targeted to ensure that both objectives are met (Venter et al, 2009). Potential
negative social impacts include loss of livelihoods or access to lands undergoing restoration, a
risk that is particularly high in areas where land tenure is insecure. These example highlight the
need that for Jamaica, further research on the use of PES to fund restoration as well as how
these PES markets function and their impacts on both people and biodiversity

Cost and Benefits of Restoring Jamaican Mangroves
Based on the findings outlined in this report in conjunction with the two complementary studies

(UWI, TNC/USCB), confirm that most the elements for conducting a cost benefit analysis for
Jamaican mangrove restoration exist. On the benefits side, the reasonably accurate estimates for
carbon (presented here), good estimates for coastal hazard protection benefits as well as the
implied fisheries and other ancillary benefits should provide enough information. Improving the
quality of the ancillary benefits would require more robust estimates on nearshore fish
populations with corresponding catch/effort data from fishers. Other required data would
include; trends on water quality gradients (mangrove to reef) and rates of erosion prevention
over time coupled with economic information on infrastructure and commercial property
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protected. Any restoration project design and implementation will have to account for a suite of
costs including engineering design, ecological modelling, labour and materials (construction)
and post restoration monitoring. Some of the information presented in the two related analyses.

As reported by the TNC/UCSC study mangrove restoration in Jamaica, and globally, is multiple
orders of magnitude cheaper than coastal protection structures. In Jamaica, limited data indicate
that sea-dykes and levees to protect the Kingston Harbor can cost over $11 Million per linear
kilometer. This can be compared with other Caribbean locations where seawalls and levees can
cost up to ~$6 Million per kilometer, whereas offshore breakwaters are much costlier at ~$20
Million per kilometer. Notable these projects are typically smaller than a few hundred meters.
On balance, mangrove restoration is also typically cheaper per hectare than coral reef
restoration.

There are typically four main factors that influence the costs of mangrove restoration projects; i)
the costs of land and permitting; ii) the costs of obtaining and transporting the material; ii) the
costs of designing and constructing the project, and; iv) the costs of monitoring and maintaining
the project post-construction (TNC/UCSC 2019). Since mangrove restoration typically happens
in the inter-tidal zone, the availability and price of land and the necessary permits. Another
factor that influences costs is the restoration technique. However for Jamaica, some of these
areas may be owned by the government while neighbouring plots are privately owned.
Restoration is generally less expensive manually and in some cases, voluntary labor, while
restoration projects that involve hydrological restoration can be more expensive due to the need
for specialized equipment, labor and the purchase and transportation of sediment. Maintenance
and monitoring is also an important cost component, though often not reported in restoration
projects.

Costs of hard and engineered coastal structures like seawalls and levees are generally costlier
even and often occupy a smaller physical footprint (area or length of coastline). Higher costs to
maintain in terms of repairing damage or upgrading in response to changes in sea-level are also
a reality.

On the benefits side of the analysis, it can be shown that given the application of appropriate
discount rates, then it is highly likely that a cost benefit ratio would be in favour of the
mangrove restoration option. The benefits that are typically easier to estimate tend to be the
cost of avoided damages and carbon sequestration. However if policy makers desire to improve
the accuracy of benefit estimates, they could request the inclusion of additional ecosystems
services that may be more difficult to quantify and assign values (for example, water quality,
forest products and erosion prevention). It is quite likely that the benefit estimates for cost
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hazard mitigation and carbon sequestration would outweigh the restoration cost, so it may not
be necessary to be as precise with the additional benefits. However, restoration provides a
natural experiment for tracking ecosystem service changes pre and post implementation and
these additional metrics if measured properly will increase the ability to make the connections
between ecological functions and direct (or indirect) benefits to people. Indicators like forest
products (honey, other) fisheries benefits (harvest, subsistence) and water quality improvement
are a few of the parameters that require more updated methods of estimation. In the context of
climate change and building resilience, monitoring the changes of key ecological and
socioeconomic parameters will help improve data and allow for the tracking of these additional
metrics.

Of course there are other cost effectiveness metrics to consider. Namely is it more cost effective
to conserve and restore mangrove habitats to provide a variety of ecosystem services? Or
instead continue with business as usual (degradation) and in the event of extreme weather
events bear the costs of disaster relief. This analysis does not address this but does provide
additional information on benefits beyond disaster mitigation.

Study Limitations and Future Recommendations

Limitations on time and budget prevented a more detailed economic analysis of the key
ecosystem service. The key elements of this analysis relied heavily on desktop research,
literature reviews and basic value transfer approaches in order to provide a mixture of
quantitative and qualitative information on the benefits of mangroves beyond coastal
protection. Given these constraints, some caveats as well as recommendations for improving this
kind of analysis for Jamaica are discussed below.

One of the more straightforward methodological approaches in terms of quantitative estimates
were the carbon sequestration economic values associated with each study site. However, the
estimates of carbon stock were not site based but instead the per hectare carbon stock were
bases on global averages. While the complimentary (UWI, 2019) study did provide some
estimates on flux, these values are not incorporated into this report. In the future, more
complete analyses of carbon stock across the island will allow for more improved estimates of
costs per hectare of sequestered carbon.

The estimates presented in this report on the role of mangroves and their contribution to
commercial fisheries also relied on global estimates from other studies. This analysis was limited
to using the global averages because of the lack of data on these mangrove sites and
particularly the lack of fisheries landing data that could assist in quantifying the role these
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mangroves play in supporting commercial fisheries from nearby fishing beaches. Data was not
available for catch per unit effort, species targeted and sales from fishers who operate from
beaches close to these sites. It was therefore difficult to make a direct link between fisheries
catch and the potential beneficial role mangroves play, particularly as nursery areas for juvenile
fish. This is a key component that was outside the control of this research effort. In order to
improve the collection of this type of data, it may require data collection at a national level led
by the Fisheries Division. Other approaches could include a targeted (research) data collection
exercise possibly funded by relevant Government agencies or international support. Data
collection could be restricted to species (fin and shellfish) that require or depend on mangrove
habitats for a significant phase of their life cycle. Collection of these types of data (larval,
household dependence, commercial catch) will provide a more comprehensive picture of the
economic importance of mangrove dependent fish species. This data may also be critical for
improving the accuracy of other bio-economic models that have been used for other sites
around the world (UNEP, 2011). Broadly speaking, even with the difficulties highlighted with
assigning monetary values to mangrove fishery contribution, the information presented here
can still be used to demonstrate the role mangroves play in providing a source of protein
source, contributions to subsistence diets and/or supplementary income. As evidenced from the
community surveys conducted by other project partners, many persons depend on these
mangroves for subsistence level fishing and gathering of resources. Quantifying this level of
dependency will be important as a part of a wider conservation and restoration strategy.

One of the biggest gaps of this report is the lack of enough information to properly inform the
economic benefits of regulating coastal water quality and erosion control. This was due to a
mixture of reasons. One overall factor was the general low level of access to government data
derived or archived information. Notable gaps were with access to site level fishery information
(catch, effort) that could have been used to improve the imputed value of contribution of the
mangroves to fishing beaches in close proximity. Other government and municipal data gaps
included information on costs to maintain road networks near to the sites and general data on
prices of private and commercial real estate values adjacent to the study sites. Some of these
limitations are linked to the short time frame and limited human and financial resources.
However key ecosystem service outputs such as fisheries dependent data should be part of a
more systematic approach to data collection as this metric can be used to improve the models
used to estimate per hectare contribution of mangroves to nearshore fisheries.

Another suggestion for improving this type of analysis in the future is to include where
appropriate physical information that can be used to link the ecological function of mangroves
sand their role in regulating littoral transport of coastal sediment and coastline accretion.
Making a tighter link between mangrove forests to coastal beach quality can then be extended
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to the economic benefits of the tourism product, which is largely based on sun, sea and (beach)
sand. However, these connections are often not direct, so more relevant approaches should
include site-specific examples where mangrove forests prevent or reduce the need for repairing
infrastructure such as coastal roads. Beyond this the erosion services of mangroves may be best
served with national level data sets or north coast versus south coast given the different
geospatial contexts (tourism versus agriculture/housing) and larger role of modelling sediment
transport and the role mangroves and associated nearshore ecosystems (seagrasses, coral reefs)

play.

In general there is a need to inform policy makers, biophysical researchers and coastal resource
managers of the appropriate use of economic valuation approaches. The World Resources
Institute authored a publication (Waite et al, 2014) that provides a very good analysis that
includes guidance for the appropriate use of economic valuation techniques. The key thing to
note is that one size (approach) does not fit all. The size of the areas of concern can be a factor
in the feasibility of assessing economic value. The type of ecosystem service as well can
determine ease and feasibility. For example is much easier to derive recreational non-market
economic values by estimating consumer surplus (willingness to pay) for preserving coastal
beach and water quality. While that approach might not be suitable for assessing more esoteric
or intermediate services such as carbon sequestration or water purification. The services of
concern for mangroves tend to lie more in the intermediate or direct market value (wood,
honey) realms. The economic estimation approaches rely heavily on well-collected physical and
biological information that can be used to impute economic or other benefits. This means
therefore that relevant government or natural resource management agencies and academic
institutions will have to work closely to collect the type of data needed to improve modelling
and predictions used to estimate benefits. Many of these suggestions were provided in earlier
sections, including water and soil quality information that can be used to demonstrate
abatement.

Conclusions

This rapid analysis has again confirmed the difficulty with calculating the economic value of the
aesthetic and ethical benefits of ecosystems, or of the service some ecosystems provide through
cycling nutrients (UNEP 2006). The temptation to provide estimates of the ‘total’ economic value
of an ecosystem by summing different types of economic metrics (jobs, tourism sales, non
market value, damage avoidance) must be resisted. Summing measures of economic activity
that differ (for example summing avoided costs, tax revenues and non market values) produces
numbers that vary considerably and could also result in double counting or in other instances
underestimating benefits. | addition a singular focus on deriving monetary estimates could also
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underestimate the ecosystem’s social benefits and overall importance. This means that it is not
always wise to only depend on ecosystem valuations for policymaking and investment decisions.
Instead these valuation estimates should be part of a suite of information used in the decision
making process (World Bank, 2004).

However, if these limitations are taken into account, identifying various benefit streams
including using economic valuation can help to demonstrate the major role that mangroves play
in the lives of many people. Conceptually most of the benefits from these systems come from
provisioning services (i.e. fisheries and, for mangroves, timber, honey and fuel wood), cultural
services (tourism) and regulating services (shore protection). However for Jamaica one of the
limitations for deriving these values are the lack of site specific data regarding the market values
attached to those services. Suggestions for bridging these gaps were highlighted in the previous
section of this report.

Of note, there is a need to examine the potential for capturing additional economic rent from
currently un-realized (or underutilized) mangrove ecosystem services. The first area is the
cultural/recreational service associated with high-end catch and release and other niche capture
fisheries. The conditions that support tropical mangrove forests are often hot, humid and
mosquito dominated environments. This may not be conducive to typically passive forms of
tourism such as boat rides and snorkel tours. However, these types of environments may not
deter high-end recreational fishers, who are often seeking unique experiences including the
opportunity to “fight” with their catch. This type of activity also lends itself for easier transition
for artisanal fishers as an alternative livelihood strategy.

Future work should also include a wider group of beneficiaries of mangrove ecosystem services.
Some of whom may not even be aware that their economic activities are dependent of healthy
mangrove stands. Broadening of the scope could lead to a better understanding of how the
provision of ecosystem services varies at a range of scales in relation to ecosystem condition; for
example, water provisioning is a complex process that can only be managed effectively at the
catchment scale in relation to patterns of land use (Bullock et al 2011). Farmers and other
industries who may be depend on fresh water from aquifers may be benefiting from this type of
regulating ecosystem service. Identifying the costs associated with their needs will improve the
description of the benefit streams from mangroves. This of course should be supported by
scientific data (geological, hydrological) information from relevant research institutions and
government agencies.

Identification of the benefits from restoration, in terms of both biodiversity conservation and
provision of ecosystem services to people, requires an understanding of restoration outcomes.
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Other studies have shown that the trajectories of ecosystem services and biodiversity in a
restoration can vary both in shape and rate of change (Bullock et al 2011). Understanding the
causes of these types of variation should be a future research priority for Jamaica and other
small island states attempting to manage and conserve this ecosystem. Understanding the
ecological and resultant economic variations can also contribute to the development of
restoration as a predictive science.
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