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Executive Summary

The exclusive economzwne ofthe Cook Islandsearly1,960,000kn? of ocean, i<7,000 times
f I NBESNJ GKIFy K Sof (s 20kt CBaStal antl mafife rdsduiBds provitie

Government ofthe Cook Islandsbusinessesind householdsvith manyreal and measurable
benefits. WithoutaR2 dzo 1> G KS O2dzy iNBEQa I NASad adaz201 2

The role that natural ecosystems, especially marine ecosystems, play in human wellbeing is often
overlooked or taken forgranted. The benefits humans receive from ecosystems, called
ecosystem servicksareoften hidden because markets do not directly reveal their vahature
provides theseservicesfor free. Failure to recogse the role that marine ecosystenmay in
supporting livelihoodsgconomic activityand human wellbeing has, in many instances, led to
inequitable and unsustainable marine resource management decisions.

This report describes, quantifies arwhere possibleestimatesthe economic valuef the Cook

la t I yh&iaeCand coastal resourceBhe ley marine ecosystem servic#sat are assessedh
detailare: sulsistence and commercial fishingychus; pearlssand and coraggregateseabed
minerals; coastal protectiontourism; recreation; and existence valueglated to marine
biodiversity The economic values of these services in 2019 are summarised in the figure below.
Otherservices are explored as wdillt scarcity of data about many of these ecosystem services
preventsestimation of the total economic valuef all servicesso thevalues below shoulthe
regarded as minimum estimates.

Economic value of marine and coastal ecosystem services in the Cook Isiarafs 9
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1 Introduction

1.1 Ridge to Reef project

The Cook Islands Ridge to Reef (R2R) project is funded by the Global Environment Facility (GEF)
in partnership with the Cook Islands Governmemith support fromthe United Nations
Developnent Program (UNDPThe project aims to enhance the capacity of the Cook Islands to
effectively manage its protected areas and sustainably manage its productive landscapes at local
scales while considering food security and livelihoods. This includes the operationalisation of
the Cook Island Marine Park (CIM#PY the establishment and strengthening of various forms

of protected and locally managed areas within the CIMP, including pratecstural areas,
O2YYdzyAlle O2yaSNDI (2AWhghthe RER préjett whsyniRiall\Ndesiydedl and A G S ?
commenced in July 2015, the CIMP covered approximately 1.1 millidofiime Cook Islands
southern Exclusive Economic Zone (Hi#)has sine been renamed as Marae Moarad
extended to cover the entire.26 millionkm? Cook Islands EEZ.

The R2Rproject aims to support the Cook Islands istrengthening integrated landscape
approaches teustainable environmental management and conservasionss key sectors such

as fisheries, tourism and agriculturghis includemaintaining traditional resource management

and conservation approaches, including a leading role for traditional and local leaders and local
communities, while also integrating tke traditional systems into a formal legal and institutional
system of protected areas.

The project has been designed to engineer a paradigm shift in the management of marine and
terrestrial protected areas fromasi® Sy (0 NA O | LILINE | QK2 (NS S F (K 2Y [AyalGR
approach, whereby tourism and agriculture activities in production landscapes adjacent to
marine and terrestrial protected areas will be managed to reduce threats to biodiversity.

The project started in July 2015 (upon signature @& giroject document) andollowing two
project extensionsvasextended toclose on6 June 2021

The Cook Islands National Environment Service (NES) is the lead executing agency for R2R,
responsible for project management, coordination and collaboration viftiplementation
partners.

The project has seven output areas as follows:

1 Output 1.1: Strengthened legal/ regulatory and policy frameworks for protected areas
Output 1.2: Expanded and strengthened management systems for protected areas
Output 1.3:Strengthened institutional coordination and capacities at the national and
local levels for the participatory management of protected areas

Output 1.4: Financial sustainability framework developed for system of protected areas
Output 2.1: Ridge to Reef affaches integrated into land use and development planning
Output 2.2: Biodiversity conservation mainstreamed into agriculture sector

Output 2.3: Biodiversity conservation mainstreamed into tourism sector.

E R

E I

ThisMarine Ecosystem Services Valuation (MEB8My forms part obutputs 1.2 and 1.3 of the
Cook Islands R2R Project.

2wk QdzZA Y (NI} RAGAZ2YIE F2N¥Y 2F LINRPGSOGSR FNBIF a daSR Ay
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1.2 Problem statement

The people and economies of tHeacific Islandountriesand Territories (PICTdepend to a
large extent on marine and coastal ecosysteloutg marine resource manageme arguably
receivesinsufficientattention in national plans and strategies (e.g. strategies relating to national
development planning, tourism, food security, livelihoods, disaster mitigation and climate
change adaptation) (MSWG 20#8FS 200'PrattandGovan 201} Thidack of attentionis due
partly to a lack of understanding of the fdtonomic valuef marine and coastal ecosystem
services (TEEB 2012).

The economic contributiorof biodiversity and ecosystem services to the eihg of Pacific
Islanders is understated for a variety of reasons including:

1 Substantial resourcbased economic activityexists outsideof formal markets €.9.
subsistencdased

1 Customary resource tenure arrangements that poorly reflect individual econoeaisidns
andpricing in markets

1 Government agencies in the region typically have relatively low capacity in environmental
economis andgreen national accounting

1 Many countries of the region are relatively young and/or have lacked continuity in
governancewhich has caotributed to a lack of longerm data and analysis of ecosystem
stocks andserviceflows at the national level

1 Many countries of theregion have a history of a twilered economy; one expgb and
expatriateled and the other traditionbvillagebased and dosistenceoriented. Both tiers,
however, are largely dependent on the same resource base. Planning and policy has generally
struggled to address the interest of both dimensions of resodmrased economic
development at the national scale.

Identifying theeconomic valuef marine and coastal ecosystems and taking these findings into

account in national planning processes can help create incentives for more effective protection

and sustainable use of marirresources This, in turn, will help to sustain tHeenefits that

people derive from those marine and coastal ecosystems.

1.3 Purpose and objectives

This marine ecosystem services valuatiqMESV)study aims to contribute to national
development plans and marine resource management policies and decis&img

The principal objective of th&1ESVis to identify, quantify and, as far as possible, value in
monetary units the most relevargervices received frormarine and coastal ecosystesnn the

Cook IslandsThisprovidesa national assessment of the human leéits derived frommarine

and coastal ecosystems. A comprehensive survey of the current state of knowledge and priority
knowledge gaps is the first step towards accounting for marine natural capital laaskdéineon

which more detailed valuation studieswd be built.The information provided in the report can

be used to guide, design and develop marine resources management plans, policies,
assessments, legislation and tools, suchmasine protected areasMPAg and environmental
impact assessment&[£s).

3



This economic valuation is intended to enhance ecosydiased marine and coastal resource
managementIn doing so, this will leatb more resilient coastal and marine ecosystems, more
effective conservation of marine biodiversity, and to contributectonate change adaptation
and mitigation, as well as securing and strengthening local livelihoods and food security.

1.4 Description of thescope andooundaries of analysis

The Cook Islands is a Pacific Island country, aitery small land area but immensearine
NBaz2dzZNOS 6SIHf KD ¢KS /221 Rdféceay iR E0D0 tBndsUargdrf y S|
GKIYy GKS O2dzy iNE QD ¢ ¥R ONBKYF I REQRdAINGNABSHG a0 2
the sea, providing numerous real and tangible betsefh Cook Islanders and foreign businesses

and consumers.

The Cook Islandgrrestrial environmenthosts unique geological and biological diversity with

many key habitats, providing refuge to various threatened, endemic and migratory spécies.

forms pat of the PolynesiaMicronesia Biodiversity Hotspd#llison and Eldridge, 2004here
extraordinary levels of biodiversity and endemism are coupled with high levels of threats and

the highest rate of species extinction on Ea(Bteadman, 1995)ith justh M2 2 F G KS NEB:
original vegetation remaining in pristine conditid@EPF, 2007 he southern Cook Islands

biomes were recogsed as one of the Global 200 priority ecoregions for global conservation

The marine environment of the Cook Islands has ystesn diversity between the high islands

in the south with shallow lagoons and fringing reefs, and atolls in the northern group
characterized by large, deep lagoons encircled by coral reef. Other notable marine ecosystems
include seamounts, sdzeds, andhe open ocean water columns. Some marine species present
are threatened with extinction; there are 61 globally threatened species as well as many endemic
species that are locally threatened. There are 25 threatened coral species, 8 threatened fish
species3 marine turtle species and 3 threatened whale species.

This study providea nationalscale assessment of the economatueof ecosystem services and
biodiversityof the Cook Islandmarine environment The geographic scope of the analysis is
nationalin order to provide théoroadest potential relevance to policy and decisioakers.The
assessment focuses on the value of ecosystem services in the year 2019 and provides
information on trends over time where possible. The global Ga9ighandemic that strted in

2020 has had significant impact on the use and value of some marine ecosystem services in the
Cook lIslands. In particular, the number of tourist visitors, and consequently the value of the
coastal environment to tourism, has dropped dramaticaillyhie past year. The value of fisheries

has also been affected by the huge decrease in demand by tourist visitors. On the assumption
that the use of marine ecosystem servidsslikely torebound to preCovid levelsvhen the
pandemic is brought under comt, this study does not provide values for 2020 and considers
the 2019 values to be a better representation of ecosystem service value for the purposes of
long term decision making.

1.5 Reportoutline

This report provides details of the countspecific cont&t in which the economic valuation was
conducted and explains the methodological framework for the analysis. The specific methods
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applied in the report are discussed briefgee Salcone et al. 26Tor detailed method¥ This
report depends primarily oexisting data and reportsynthesisinghis information and drawing
conclusions where possiblé also presentsthe results of a household survey conducted to
gather information on resource harvesting, recreational activities and willingness to pay for
marine conservation. The report also identifiesiportant knowledge gaps andnakes
recommendations fofuture research

The report describesand quantifiesthe Cook Island® Y I NRA Y S | y R , Gn# Whené |- €
possible estimatestheir economic valueTenkey marine ecosystem services are evaluated in
detail: subsistencdishing,commercial fishingtrochus; pearlssand and coral aggregateeabed
minerals; coastal protection international tourism; domestic recreation; and noise values
related to the conservation of marine ecosystenfditional services explored incledcultural
and traditional values associated with the sezgrbon sequestration, and research and
education

¢ KS / 2 2 {institutiohs aye Riés&ibed iSection2, followed by armoverviewof national
policies, objectives, and initiativesvhich could potentially use information about the human
benefits of marine ecosystenpsovided by this reportThe TEEBitiative and global framework
for ecosystem service valuation are presented in Chapt&hapter4 provides & overviewof
economic valuation literature relevant ®ICTsdata collection andechnicalvaluationmethods
are explained irtthapter>5.

The core of this report is Chaptért the results ofan economicassessment of marine and
coastal ecosystem servicekhe first component oéachsubsectionof the results Identify, is a
clear identification of howeach natural marine and coastal ecosystem prowdeenefits to
humans That is, howecosystenfunctionsbecomeecosystenservicesThe secondomponent,
Quantify, is a review of data that quantitatively describe the magnitude of each ecosystem
service.Early in the projectit was establishedhat a lack of comprehensive and reliable data
would substantiallylimit the depth and breadth of economic valuation of ecosystem servines.
response to this obstacle, an analysis of data ge@sore focus of tisnational report.The third
component Value, presentsan estimate ofthe economic valuef the ecosystem serviasmuch

as the data available allow.

The Cook Islandsxperienceannualvariability in the magnitude of benefits from marine and
coastal ecosystems, particularly with regard to commercial fisheresome instancegjue to
varigions in harvests and change® tthe health of the ecosystem, an annual value of the
ecosystem service is hardly relevanhese and methodological and data issues are discussed in
the Uncertainty section. In the Sustainability section, thereport indicates whether current
resource uses are sustainable, that is whettier natural benefits can be expected to continue,
to increase, or to decrease with current practicéEsevaluesof differentecosystenservicesnay
accrue to few or many, nationals or foragys, businesses or consumers. In order to understand
the incentives that motivate different resource use patterns, it is important to consider who
receies the benefits fromthe various marine and coastal ecosystesesvicesin the Cook
Islands The Distribution section for each ecosystem servidescribes thedistribution and
considersequity ofexistingecosystem benefits.

The results for each ecosystem service are synsedsn ChapteError! Reference source not
found. together withrecommendationsnd suggestions for hovhis information could be used
Since eonomic informationis commonlyplagued by misinterpretationan explanation of the
caveats andimitationsof this research as well as disclaimab®uthow this information should
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not be used are presented in Chap&iChapterd makes recommendations for areas farther
research.



2 Context

2.1 Geographic context

The Cook Islands is a country located in the South Pacific comprising an archipelago of 15 islands.
Thesouthern group of islands is made up of volcanic islands and atolls, whilettieern Cook

Islands are mostly atollslé Scally, 2008)Three of the slands are uninhabited.e. Manuae,
Suwarrow and Takutea (Solomona et al., 2008 total land area is4® km? with an Exclusive
Economic Zon€EEZPf more than 1960,000 knd.

The coastal environment of the Cook Islands comprises lagoons and reefsdkiale habitat
for a multitude of marine species. These resources form the basis of the livetifmroghany of
the inhabitantswho practice subsistence fishing (55% of the popula@volomona et al., 2009).
Artisanal fishing, where fishgsellto local markets, accounfer 35% of fish harvested; whereas
commercial fishing represents 10% of the fishery sector (Solomona et al., 2009).

Figurel. Geographic location of the Cook Islands (source: CISO 2018)
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Figure2. Geographic location of the Northern and Southern groups of the Cook Islands (source:
Gillett 2016)

2.2 Demographic and economicountry profile

The Cook Islands Ha total population of 17,434 (residents and noesidents)asrecordedin

the 2016 Census of Population and Dwelling (CPD).Widssa 2% decreaserelative to the
population recorded by the 2011 CPD. pAgximately 736 of the population reside on
Rarotonga, which iocated in the Southern group and tise administratve and commercial
centre of the Cook Islands. In tesmof age distribution, 2% of the resident population was
younger than 15 years, and %d@vere older than 59 years. The proportion of the population aged
15¢59 was 580(CISO and SPC, 2018).

The Cook lahds gross domestic product (GDP) in 2019 was NZD 575.4 million (MFEH), 2020
The country's economy is highly dependent on toutiswith approximately 169,000 visitors
annually, mainly from New Zealanthe secondanajor source of income for the Cook Idisns
from licensing offshore fishing (Solomona et al., 20@her exports include black pearln
addition, the marine environment is a large component of the informal econdirgkéfield et

al., 2018) anghrovides Cook Islanders with a wealth of oppuwrities for recreational and cultural
activities. A future economic activity in the marine environmetitat is currently being
considereds the extraction of seabed mineralthe Cook Islands are recognized as one of the
most promising areas for deep seaining located outside of the Clarion Clipperton Zone
(McCormack, 20168/Neaver et al., 2018).
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The average income across all residents is NZD 16,300, with nearly 50% of the population earning
less than NZD 10,800 per year. Residents ofNbghern Group islands have lower average
annual income of NZD 8,600, with 54% of the population making less than NZD 5,300 (SPC, 2016).

The official currency used in Cook Islands is the New Zealand dollaiafiizaN)monetary values
provided in this reprt are in NZD.

2.3 Institutional context and mlicy context

The Marae Moana Act 201&stablished the Marae Moana (also known as the Cook Islands
Marine Park¢ CIMB in the waters of the Cook Islands and provides for its integrated
management. Part 3 of thecAcovers policy and spatial planning and specifies that regulations
must be developed and in place to guide development of marine spatial plans (MSPs). The Act
provides for two types of MSPs: a national Marae Moana spatial plan (NMMSP) and individual
islandmarine spatial plans.

The Act defines the NMMSP planning area as being 12 nautical miles (nm) from the baseline to
the 200 nm mark of the Exclusive Economic Zone (EEZ). Thespecific legal definition of the
geographicextent of IMSPs, however, ian be inferred from the Act that they cover internal
waters (where these exist), and the territorial sea (from the baseline out to the 12 nm mark).
Section 24 of the Act further establishes a marine protected area (MPA) of 50 nm around all 15
islands. Minig and largescale fishing are prohibited in these aredaae Moana Act 201)7

Marine Spatial Planning (MSP) is a practical way of balancing the demands of human activities
with the need to maintain the health of the ecosystems on which those actidépend. This is
especially important inPICTswhere approximately 9% 2 ¥ G KS | NSl dzy RSNJ ¢
jurisdiction is oceafHalpern et al., 2008 Marine ecosystems are known to be iectine, mostly

due to human activities, but there is recognition that it is possible to manage human activities to
minimise many of these impacts. MSP involves aniséetoral and participatory public process

of identifying, balancing and achieving ecamo, social and ecological objectives in a
transparent and organised wdgeccarelli et al., 2018).

The Cook Islands National Sustainable Development Plan (NSDR2)02016 the national policy
vehicle for implementing and achieving the globastainabledevelopment goalsSDGs(CPPO,

2016) The NSDP provides a scorecard for developmether than an explicit plan. It also
articulates key performance indicators for the broad national policy suite to represent national
development. These indicators ungkén the sixteen development goals which are aligned to
commonly identifiable sectors. Goal 12 specifically addresses the sustainable management of
oceans, lagoons and marine resources. Together they represent a holistic, objective scorecard
for the develgpment of the Cook Islands. They are closely aligned to regional and international
commitments such as the Pacific Regional Framework and the Global Sustainable Development
Goals.Thenext iteration of the NSDENSD® 2020+) is due to be released in ARGR1.

2.4 Related projects and initiatives

Sustainable use and conservation of marine and coastal biodiversity are priority action areas of
the Strategic Plan of th€onvention on Biological DiversitgBD. The Cook Island$have
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expressed their commitment to the implementation of the extensive CBD resolutions on the
conservation and sustainable use of marine and codstaliversity, including

)l
)l

T

Implementing actions outlined tK S/ 2 2 { NBSAM I Yy Ra Q

Contributing to the CBD Progreme of Work on Protected Areas, especially to attainment of
Aichi Target 11

Assisting with implementation of the CBD Programme of Work on Island Biodiviersity
accordance with the CBD COP 11 decision.

Beyond the CBIhe Cook Islandisas other commitmentsinterests and projects that this report
can contribute tq including

= =4 -4 -4 = =4 -8 4 -4

= =4 =4

= =
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Pacific Regional EnvironmeRtogrammeStrategic Plan 2072026

The Pacific Islands Regional Oceans Policy (PIROP)

Pacific Oceanscape Framew@fPO)

Framework for Resilient Developnten the Pacific (FRDP)

System of Environmentdtconomic AccountsSEEAand in particular theExperimental
Ecosystem Accountieveloped by the UN Statistics Division

Sustainable Development Goals (SDGs) and in particular SDG 14 Life Below Water

United Ndions Convention on Law of the Sea (UNCLOS)

UN Fish Stocks Agreement

Convention for the Conservation and Management of Highly Migratory Fish Stocks in the
Western and Central Pacific Ocean (WCPF Convention)

Convention on Wetlands (RAMSAR)

International Coral Reefs Initiative

United Nations Framework Convention on Climate CedbgNFCCC)

Framework for Nature Conservation and Protected Areas in the Pacific Islands Region 2014
2020.

Restoration of Ecosystem Services against Climate Chinfgeourable EffecttRESCCUE)

The Economics of Ecosystems and Biodiversity (TEBEdB)n particular the TEEB4Coasts
initiative.



3 Conceptual franework

The principal objective of the MESV s to identify, quantify and, as far as possible, value in
monetary units the most relevant services received from marine and coastal ecosystems in the
Cook IslandsThis is done tgorovide decisiormakers and policynakers at all levels with
information about theeconomicvalue that peoplederive frommarine and coastal ecosystems.

For this reason, significant effort was made to conduct the work collaboratively, and with close
interaction with key government and negovernment stakeholders as well as technical staff in
the Cook Islands

3.1 Definitions

E®msystems

Anecosystenis a dynamic complex of plant, animal and miorganism communities and their
non-living environment interacting as a functional unNatural ecosystems have varying
attributes (e.g. particular species of plants and animals) andoparvarious functions (e.g.
photosynthesis, chemical and nutrient cycling). Many of these attributes and functions benefit
human activities, communities, and industries.

Ecosystem services

Ecosystem servicase the benefits humans receive from the natuadtributes and functions of
ecosystems. These benefits could be material goods such as timber or fisgutatingservices
such as the treatment of human waste and carbon sequestration.

The value of marine (and other) ecosystem services to peoplées oot visible in markets,
business transactions or in national economic accounts. Their value is often only perceived when
the services are diminished or lost. Assigning monetary values to marine ecosystem services to
reflect their importance taCook I&ndersis a powerful toofor makingthese benefits visible and
improving their wise use and management. The process of assigning monetary values to
ecosystem services that benefit people is cabednomic valuation

In assessing and comparing ecosysteenvices, sometimes there are tradéfs to be made
between different ecosystem services. For example, mining a coral reef for building materials
will likely diminish its value as a source of food from fishing. Other ecosystem services can be
complementary for example the coastal protection value of coral reefs and their tourism value
from diving or snorkelling.

Economic value

Economic valueefers tothe quantified net benefit that humans derive from a good or service,
whether or not there is a market andonetary transaction for the goods and servidésonomic
value needs to be distinguished fromconomic activityalso known as financial or exchange
value), which is a measure of cash flows and is observed in markehsle economic activity
from markettransactions is often used to calcula@eonomic valugeconomic activitys not in

3 Analysis ofeconomic activity f t en f ocuses on 6émultiplier effectso,
industry that spill over in to other industries due to kitglustry linkages.
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and of itself a measure of human beneliconomic activityhowever, is an interesting measdre

The number of formasector jobs and thdevel of capital investment arelosely related to
economic activityand this is of interest to the public, civil servants and patiekers. This report
focuses on measuringconomic valueCaution must be taken not to compageonomic activity

to economic valueAlthough both can beepresented in dollars per year, they are different
measurements of benefitdt is also worth noting that Government revenue from taxation on
specific economic sectors or activities is not treated as part of their economic value. Public tax
revenue and sending is simply a redistribution of economic value. In national assessments,
however, it is relevant to record public revenue from taxation of 4mational citizens (e.g.,
tourists) or businesses (e.g., fishing vessels), which represent redistributi@uef from non
nationals to nationals.

Consumer and producer surplus

In general, the analysis in this report is basexthe microeconomic concepts eabnsumerand
producer surplusConsumeandproducer surpluare net measures; they measure the differenc
between the benefits and the costs of a particular good or serfAceducer surpluis the benefit
received by businesses, firms, or individuals who sell a good or sé@hacdifference between
the price that a producer is able to sell their goodsifothe market compared to the minimum
price they would be prepared to accept, which is computedhassurplus between the price
they receive and their cost of productiof@nsumer surpluss the benefit received by individuals
who purchase ofreely enjoy a good or servicghe difference between the benefit they obtain
from consuming a good/service and the price paid for it, which is computettieasurplus
0SG6SSy || 0O2yadzYSNR& YIEAYdzY 6Af f AyFaryndkea G2 |
transactions producer surplugs synonymous witlralue-addedor profit.

Willingnessto-pay and willingnest-accept

SYSTAGA | NB | dzl ywvillinghas&dRpaydWTPhryo ded/ Ryliidgaeadb-f Q a
accept or rather, how much money an indilial or business would willingly trade for providing
2NJ NBOSAGAYy3 | 3A22R 2NJ aSNIAOS & WIRakd wRakthe§ S NS y C
F Olidzl £ & LI & gutplusirdnSthe @angadtidnY SoNdarteer WTP is represented
graphically as demand curve.

Totaleconomicvalue

Thetotal economicvalue (TEV)f an ecosystem service includes all of the net benefits humans
receive from that ecosystem servicEEMis a quantification of the full contribution ecosystems
make to human wellbeinglotal economic valuscludes market and nemarket values (i.e.
direct use valugindirect use valueandexistence or non-use value) and therefore represents
the full benefit humans receive froecosystenservices

In practice,TEVis nearly impossibléo estimatebecause the data required to do so are rarely
available. For example, fisheries resources offer benefits to those who harvest and sell seafood
products (producers), as well as those who consume seafood products (consumerBEVitie

the fishery is a sum of the producer and consumer beneftiswever, consumer benefits are

4 Gross Domestic Product (GDP), recorded through the System of National Accounts (SNA), is a measure of
economic activityThe UN Statistics Division has recently publisigeddance for a System of Environmental

Economic Accounts (SEEA), which provides an accounting framework that is consistent, and can be integrated,
with the structure, classifications, definitions and accounting rules of the SNA, thereby enabling the ahalys
changes in natural capital, its contribution to the economy and the impacts of economic activities on it. It should be
noted, however, that this system is restrictive in terms of the types of services and values that can be assessed.
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difficult to estimate,and, in the case of export products, they accrue to individuals distant from
the natural resource. Producer benefits alone are commonly used to etith@ value of
fisheries, as is done in this report. It should be noted, however, that these estimates are a lower
bound value and do naiccuratelyrepresentTEV

Further definitions can be found in the Glossakpgendix 1 Glossary,.
3.2 The Economigof Ecosystems anBiodiversity(TEEB)

This studyfollows the approach for assessing ecosystem services developed by the TEEB
initiative (The Economics of Ecosystems and Biodiversityw.teebweb.org. The TEEB
approach comprises six steps:

1 Specify and agree on the relevarlicy issues with stakeholders

2 ldentify the most relevant ecosystem services

3 Define information requirements and select appropriate methods
4 Quantify, then value, ecosystem services

5 Identify and appraise policy options and distributional impacts

6 Review, efine and report

It is anticipatedhat this report will provide a platform from which to identify priority actions
in terms of national policy development, national and watersisedle data collection, regular
analysis, planning and outreach that better incorporateecosystem stockgcosystem service
flowsand values into ongoing national discussions and policy processes (Steps 5 and 6).

3.3 Applicationsof marine ecosystem service valuation

There are three main categories of applicationsnafrineecosystem service valuation

1) to enable rational decisiemaking, via cosbenefit analyses or other analyses of the trade
offsin management decisions

2) as a technical tool to set prices for protecting resources or compensation for ecosystem
damage or

3) asgeneralinformation, to raise awareness about the human benefits of healthy ecosystems
and support policy and governance that manages resources from a socigy perspective
(Mermetet al. 2014)

The third application can lead to full intedion of the benefits of ecosystems into national
accounting (natural capital accountingdationalscale ecosystem service valuation is applicable
mostly to this third usa i.e.general information for planning and advocacy.
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4 Literature review

Thissection briely reviews ecosystem service valuation studies that have been conduntétbi
Cook Islandsand other Pacific $land Countries and Territories (PICTdjawing onexisting
surveys of the literature (Lal and Holland, 201 Iungwiwattanaporret al. 2015 Brander, 201

In total, Brander (2019dentified &4 studies that estimate values fecosystem services in PICTs.
The reference to each study is included on the map in Figui@ indicate the number of
valuation studies for each country or territory. It is evident that some locations have been the
subject of much greater research effort than others, with Hawaii and Fiji having a long history
and manyecosystem servicealuationapplications.The literature survey founébur valuation
studies have been conducted for the Cook Islandsich are briefly summarised below.

Regarding the ecosystem services that have been valued in PICTs, the existing literature spans
provisioning, reglating and cultural services (see Figdje

The provisioning service that has received the most attention is the input of coastal and marine
ecosystems to commercial fisheries, with over hal) (8f the reviewed studies addressing this
service. Convers$g nonfisheries provisioning services such as timber and-tiraber forest
products have received very limited attention. Given that most valuation studies focus on marine
ecosystems, it is not surprising that these predominantly terrestrial servicesoareell covered

in the existing literature.

Regarding regulating services, the role aafastal ecosystems, particularly coral reefs and
mangrovesjn protecting property and infrastructure from storm surges and flooding has also
been valued in a large number of studies (22). The valueoa$tal ecosystemfor climate
regulation has been valued in a relatively small set of studies under the MAC8jK2tp
(http://macbio-pacific.info)). These five country studies for Fiji, Kiribati, Solomon Islands, Tonga
and Vanuatu use a consistent method to value the carbon stored in mangroves.

Cultural services have beeralued in a large number of studies. The direct useaxdstal
ecosystemdor tourism (23) and recreation (11) has been widely studied. Theusenvalue
placed on conservation of biodiversity has also been estimated in a number of studies (10). For
examg ST hQDIFNNI Sé& fd ovnngd dzZ&aSR (KS-u22y Ay
value of coral reefs to households living on the coral coast in Fiji to be US$ 107/household/year
(2006 price levels) and Marre et al. (20L8gd a choice experiment testimate use and non

use values for coral reef servicasid bund that nonruse values compromisebetween 2741%

of total willingness to pay. Other cultural services such as aesthetic enjoyment, importance to
spiritual practices and cultural identity haveceived less attentigmlthough there are a number

of studies that apply qualitative research methods to examine these, agcua et al., 2017).

No studies were found that estimate the use or rase value of specific endemic species.

A further obsevation on the coverage of ecosystem services in the literature is that existing
valuation studies have generally addressed multiple services and in many cases aimed to
estimate the total economic value of the ecosystem resource (i.e. estimate the valakk of
relevant ecosystem serviceskee van Beukering et al. (20086nlcone et a(2015) and Conner

and Madden (2017)This comprehensive perspective is useful to inform a holistic approach to
resource management that aims to safeguard and deliver & wathige of services rather than
simply focusing on a few. Estimating the value of bundles of services also has the potential to
identify tradeoffs between services (e.g. between fisheries and tourism).
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The methods that have been used to measure and qfjamconomic values for ecosystem
services are varied, and the resultant value estimates can rarely be compared directly; rather,
they should be evaluated on a calsgcase basis. Readers interested in learning more are
encouraged to read the MACBIO guidamsanual on economic valuation of marine and coastal
ecosystem services in the Pacific (Salcone g2@1.6).

Thereare severaltegional studie®n the value of ecosystems and ecosystem services in PICTSs.
A general assessment of the value of Pacific dséanosystems conducted by economists at IUCN

in 2010 estimated that coral reefs had a total economic value of US$ 4.11 billion or
US$79,000/km2/yr (Seidel and Lal 2010). This value was based on an extrapolation from Pacific
case study estimates. Directaugsalues made up US$ 2.22 billion of this estimate, and indirect
and nonuse values made up US$ 1.40 billion. Direct use values included fisheries, coastal
protection and tourism and recreation; indirect values included existence and biodiversity values
(Seidel and Lal 2010). The same authors estimated that mangroves contributed a total economic
value of US$ 4.20 billion or US$3,726 per square kilometre per year in the 22 Pacific Island
States and Territories. This value included US$ 2.48 billion freeat dise values (subsistence

and artisanal fishing, shoreline protection, fuelwood production) and US$ 1.71 billion from
indirect and noruse values (cultural and social values, existence va{Beg)el and Lal 20).0

For fisheries, therés a series afegional studieshat estimate the combined value of fishery and
aquaculture production, including subsistence fisheries, local commercial fisheries, andforeign
based commercial fisheries in nearshore and epeean habitats (Gillett and Lightfoot, 2001;
Gillet, 2009; Gillet 2016). These studies report fisheries production, values, emplgyment
exports, contribution to GDP Government revenue, and consumptiéor each of 22 PICTSs,
including the Cook Island¥he results fromGillet (2016)are used to valuesubsistence and
commercial fisheries in this report.

Hajkowicz and Okotai (2005) estimate ttwsts of watershed pollution on Rarotongacluding
the impact to fisheriesn the lagoon The estimatedvalue of fish stockin the lagoonost due to
watershedpollution is NZ$ 534,000 per yeabuch costs can be considered as the potential
benefits of improved watershed management.

Passfield (1997gxamines the monetary value of inshore marine resources for Tongéats@
known as Penrhynij the Northern Cok Islands. Tongareva is an atoll with a large lagbah
located more than 1,000km from the only significant market in the Cook Islands. As such it has
no commercial fisherybut the subsistence fishery was valued at NZ$ 475,000 per year with an
additiond NZ$ 53,000 per year of seafood exported. In total the value of harvested fish is
estimated to be equivalent to 27% of per capita cash income of Tongarevans.

Rongo and van Woesik (20EXamine the soci@conomic consequences of ciguatera poisoning

in Rapbtonga, which had experienced the highest rates of ciguatera poisoning in the world. The
studyused informationon protein consumption collected through a household survey to show
that ciguatera poisoningesulted in a halving dhe percapita fresh fiskconsumption, from 149
g/person/day in 1989 to 75 g/person/day in 2008s a consequencehe consumption of
alternative proteins, particularly imported meats, increasding the same periadlhegross
value ofharvest loss of reef fistvas estimated to b approximately NZ$50,000 per yeaand

the approximate costs associated with dietary shifts amounted to NASllion per year.

Conner and Madden (2017stimae the economic valueof ecosystems and associated
ecosystem servicein the Cook Islandss an input to the revision and update of the National
Biodiversity Strategy and Action Plan (NBSAP) for the Convention on Biological Diversity (CBD).
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The studycovers terrestrial and marine ecosystems and a wide range of ecosystem services
including provsioning services (agriculture, medicinal plants and flowers, forest products,
fisheries, pearls and trochus), regulating services (catchment protection, greenhouse gas
regulation) and cultural services (tourism, nrose values).Conner and Madden(2017)
estimated thepresent value of Cook Islands ecosystem services to be NZ$ 2.4 billion over a 30
year time horizon using a discount rate of 2.65%.
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5 Methods

The methods and data requirements for estimating the value of marine and coastal ecosystem
services are provided in Salcone et al. (2016), which is a methodological guidance document
created in consultation with countrigased research teams and othdPacific resource
economists under the Marine and Coastal Biodiversity Management in Pacific Island Countries
(MACBIO) projeet Specific details of methods applied in this report are presented below or in
the relevant sections of the reporn additionto the methods describeth Salcone et al. (2016),
which mainly rely on secondary data, the present study used a household survey to collect
primary data on resource harvesting and cultural uses of the marine environment. The
household survey was also useéd conduct a choice experiment valuation of reef fish
abundance, water quality for recreation, and marine biodiversity. The household sigvey
described in section 58ndthe choice experimenis described in section 8.

5.1 Overview

Thisstudyidentified the followingkeymarine and coastacosystem services that are described
and valued in this report

Subsistencéisheries

Commerciafisheries

Trochus

Pearls

Sand and coralggregate

Seabed minerals

Coastal protection

Tourism

© © N o g bk~ w DN PE

Recreation
10. Existence antbequest values

Marine and coastal ecosystems provide many more ecosystem sethaeshe ten explored
here. Theseten ecosystem servicesvere identified as nationally importantpotentially
guantifiable with existing dataandamenable tgpolicy intervenion or private action.

Where sufficient data are available, ecosystem service valuation reprepevdsicerand/ or

consumer surpluand includes market and nemarket values for direct and indirect ecosystem
services(see Seiton 3.1 for further information) Where data do not exist to implemerthe

most appropriate methods, the next best possible ecologieabnomic analysis has been
conducted. This may include qualitative descriptors of vahre®ferences to other locations

with data on the identified values. Gaps in data and previous research are paofialy with

GKS dziK2NEQ 2dzRIYSYyld o0FaASR 2y SO2y2YAO GKS2I

5 http://macbiepacific.info/
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Unless otherwise stated, atlonetary valuehiave been converted to®0New Zealand dollars
(N2D). Values recordedtgore-2020 price levelsvere converted to 2020 price levelssing the

World Bank Consumer Price Index (CPI}HerCook IslandsWhere appropriate, international
seafood products were inflated using thedél and Agriculture Organization (FAE3h Price
Index.

5.2 Secmdary data sources

To a large extent the study makes useegisting sources of dat® analyseecosystem service
values and to identify data gapsSecondarydata sources fronthe Government ofthe Cook
Islandswere the 2056 Census, th20152016Household Income and Expenditure Sur¢@€s50O
and SPC, 2018and GDP andnigration statistics from the Ministry of Finance and Economic
Management (MFEM, 2020 20201). TheMinistry of Marine Resourcgwovideddata records
for fisheries exportsadditional fisheries datavere obtained from reports by the BC(Gillett,
2016) Other data wereobtained from academic studies and project repoitée validity and
accuracy of thse secondary data, which waramong sources, is described following the
identification, quantification, and valuation of each ecosystem service.

As far as possible, government staff and other relevant parties in the Cook Islands worked with
the authors to answer questions, supply information and datal to identify data gapfor this

report. Due to travel restrictiong response to the Cowtl9 pandemic, the lead consultant was

not able to conduct any site visits or-rerson consultations. Communications between
members of the research team, stakeholders and data providers were predominantly by email
or video call.

5.3 Primary data sources

The study conducted two survels collect primary datal. Stakeholder consultation survey to
identify key ecosystem servicasbe addressed iMarine Ecosystem Service ValuatipdESY:

2. Household survey to collect information thre use and value of selected ecosystem services.
The design and implementation dfigse surveys ardescribed in this section; the results are
described in section 6.

An initial consultation of stakeholders in the Cook Islands was conducted during ibd @&6
August 2020 by email and through an online questionnaire (see AppendhelPurpose of this
initial stakeholder consultation was threefold: To informstakeholdersof the MESV study; 2.

To collect feedback on the ecosystem services includete study and identify whether any
important services were missing; 3. To identify and collect relevant data for the stutbtal,

40 stakeholders responded to the survey, representing both public and private sector interests.

A household survey wassed to collect informatioron public use of the marine and coastal
environment for: 1Harvestingof fish and other resources; 2. leisure and recreation activities; 3.
cultural practices; 4. conservation of biodiversity, native and migratory species.gmablic
perception of threatgo the marine environment.

The survey was administered online and distributed through email contacts and social media
during the period 28 October to 13 November 20dthe survey instrument comprisegB
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guestions andtook approximately 17 minutes to completeon average. The full survey
instrument is provided in Appendix IlI.

In total, the survey received 193 responses of which 134 (69%) were complé&ié.description
of the survey sample is provided in Appendix IV.

5.4 Choice experiment valuation method

To obtain quantitative measures bf2 2 { L JpfefergnBeS fddEew¥ironmental conservation,

we make use of the discrete choice experiment (DCE) method. This stated preference method
uses a public survey to elicit thegberences or values of respondents for specifibdngesn a

good or service (Hensher et al., 2005). In the fields of market research and economics the DCE
method is widely used to obtain information on public preferences that are otherwise not
observab¢ in consumer behaviour (Johnston et al., 2017).

In practical terms, a DCE involves asking survey respondents to make repeated choices between
alternative multtattribute descriptions of a good or servideis then possible to estimate their
relative vdues of these goods and serviceg dibserving the tradeffs that are made between
attributes(Hanley et al.2001).In thepresentstudy, respondents were asked to choose between
alternative options for conservatioof the marine environmenthat would befunded through
hypotheticalmonthly donations to an administered fund dedicated to marine conservation in

the Cook IslandsBy analysing the tradeffs that respondents n@de between conservation
measures and the payment, weere able to quantify theiwillingness to pajor each measure.

The attributes usedvere:
1 Fish and shellfish abundancihe abundance of fish and shellfistat can be caught

1 Water quality for recreation.The quality of coastal water that can be used for
leisure/recreation

Marine hodiversity.The diversity of native and migratory marine animal species

Cost per month. The motary amount in NZD that the respondent would be willing to
pay each month through a donatida an administered fund dedicated to marine
conservation in the Qik Islands.

The attribute levels defining eadption are represented on choice cards using simple images to
provide respondents with a visual support for understanding the differences between options.
The representation of attributes and choice cards avegsted for comprehension durirapilot
survey andound to effectively communicate the provision of each servige.example choice
card is represented in Figufe
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Figure5. Example choice card
5.5 Data gap analysis

A major focus of this research effort waentifying gaps and weaknesses in data thavented

the accurate valuation of marine andastalecosystem service$he importance of this exercise
should not be understatedlhis report encourages and supports the use of ecosystem service
valuation in national planning and poliayaking, but itmany instances #ull economic valuef

the human benéets of ecosystemsauld not be estimated because ofshortage of ecological or
sociceconomic informationThese data gaps are descritegether with the quantification and
valuation ofecosystem services {Dhapter 6
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6 Results

This section includes the identification, quantification, and where possible, valuatiba Gfook

L & f ImoKR sighificant marine and coastal ecosystem services. The first subsection for each
ecosystem serviceldentify, describes the ecosystem serviaad the relation between the
ecological or biological processes of that ecosystem éttesystenfunctions) and the human
benefits (the ecosystemservices This subsection also describes the human activities and
livelihoods that are related to the ecosgsh service. The second subsectiQuantify, describes

data that illustrate the magnitude of the service either in monetary units or ecological measures
and evaluates data gaps. Where sufficient data could be collected, the third subsaétioa,
presens theeconomic valuef the ecosystem service. The value represents a quantification of
human benefits in terms of local monetary currerfdizZD)

The Qustainability and Distribution of ecosystem service benefits is evaluated following the
valuation of eachservice. It is important to understand whether human benefits can be
maintained or if they are expected to decrease because of unsustainable resource use or
management practices. It is also important to recognise who receives the benefits from the
ecosysem, whether it be poor or wealthy households, government, visitors or foreign reton
TheUncertainty of each value estimate is also discussed in this section.

6.1 Identification of key ecosystem services

In the initial consultation survegtakeholders were shown a list of ecosystem services and asked
to score each service in terms of importance to the Cook Islands on a s64leith 0 = not at

all important; and 5 = very importanfyhe average scores are represented in Figuaad shav

that subsistence fishing, cultural identity, tourism, stoand flood protection, research and
education, existence of biodiversity, wastewater filtration and recreation are identified as the
most important ecosystem services (average scores over 4hednther hand, seabed minerals,
saltwater filtration, trochus harvest, and sand and coral aggregate were seen as less important
services (average scores less than 3).

Respondents were also asked to natey important ecosystem services not listed, whigided
severalsuggestionsncluding theuse of the sea for transportationkinetic energy potential,
genetic materialregulation ofmicroclimateand regulation of shoreline erosion. Several threats
and other issues were algaisedincludingdeforestatian, plastic pollution, the functioning of

0 KS NJ Qtmimporadcé &s¥amounts, pest eradication, and solid waste management.

Regarding threats to the marine environment, respondents to the household survey were asked

to indicate their level of corern for a range of threats on aS5lLikert scale. The results are
summarised in Figur@. Generallythe level of concern is high but there is evidently higher
concern regarding plastic waste and sewage and waste water. It is notable that seabed mineral
exploration is of lowest concefkJS NK | LJA RdzS (2 GKS FNIYAy3a 2y
actual extraction
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Figure7. Stakeholderating of concern for threats to marine environment
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6.2 Subsistencdisheries
6.2.1 Identify

Subsistence fishing refers toarvesting of seafood species that acensumed, given, or
exchanged by fishewithout any monetary transactiorin Pacific Island countrigparticularly

in rural coastal areas, subsistence fishing contributes significantly to household diets and
therefore has substanti@conomic valu€Gillett 2009)

By providing appropriate food and habitat conditiorieg marine and coastal environment
supports the growth and reproduction of a range of fish and invertebrate spetmratcan be
harvested forfood by humans Each ofthe target species requirea particular habitat tayrow
and reproduceThereproduction and growth of fisktd speciesand thughe potential magnitude
of this ecosystem serviceependon the functiongrovided bymarinehabitats includingcoral
reefs, lagoons and pelagic ocean The finctions of each ecosystendepend on natural
geographical and biological factors, such as coastal bathymetry and sea currents, as well as
human factors such as pollutiohabitat destruction andishing pressureUnlike agricultural
systems, which require consistent and often indere human labor, these marine ecosystems
can produce foodwithout human interventionas long as they are not damaged or over
exploited.

Many Cook Islandhouseholdsamake useof the marine andcoastal environmenéas a source of

food and cash income.e.manyfishersfish for bothsubsistenceand commercialpurposes The

results in this section focus on the valueadtfisanalfisheriespredominantlyfor subsistence use.

Access to coastal resources is linked to land ownership, which is based on tradatichtnure

systems whereby families have specific sections of land that are passed on through the family
(land cannot be bought or sold, only leased for a sihenn period). People access marine
NBE&2dzNOS&a RANBOGE & 2dzi FoMBorfrom Btikss Nthey doYidt lageQ & & S
a tie/claim/stake to that area, or otherwise permission from the landowning family. Even though
GKS £S831f W2ySNBRKALIQ R2S4 y20 SEGSYR G2 GKS
islands thispractice is stronger stillwith certain families/villages only allowed to access the
NBaz2dz2NOSa Ay GKSANI 246y | NBlFasx S@Sy AyOfdzZRAy3
the lagoon. Although resources will be combined for large occasions, fstileremain intheir

part of the lagoon for collection. Traditional systems of resoumamagement with associated
restrictions NJ Xadzstill used. If &l @ gitAced in an area, there aften a complete ban on

any take from that areaor otherwi® a complete ban oharvestof a certain species from that
area,until the chief declares it to be open agairhe strong land tenure laws in ti@@ook Islans

have helped to avoid foreign ownership and ensured extensogesgso the marine resources

by local residents.

6.2.2 Quantify

The Cook Islandsasextensiveinshore fish and invertebrate habitat thatipportssubsistence
and artisanal fishingncluding reef, lagooand intertidal shorelingSee Tabl&). Inshore fishing
habitat covers 665 ki which ismore than doublethe total land area othe Cook Islands
(236km?). The area of aral reefalonecovers229km?.
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Tablel: Inshore fishing habitat area (Ki(Source data: Andréfouét et aR005)

Reef Nonreef Total
Penrhyn 33.07 188.87 221.94
Rakahanga 4.44 3.79 8.23
Manihiki 14.99 40.31 55.31
Pukapuka 15.85 6.61 22.46
Nassau 1.30 0.00 1.30
Suwarrow 47.53 97.63 145.16
Palmerston 25.18 34.00 59.18
Aitutaki 26.44 61.35 87.79
Manuae and Te Au Otu 15.35 0.00 15.35
Takutea 2.96 0.00 2.96
Atiu 6.33 0.00 6.33
Mitiaro 4.85 0.00 4.85
Mauke 4.54 0.00 4,54
Rarotonga 17.50 3.75 21.25
Mangaia 8.34 0.00 8.34
Cook Islands 228.66 436.31 664.96

The MESV household survey collected information on the type, frequency and quantities of fish
and shellfish harvested from the marine and coastal environment. The proportions of
householdsngaging in subsistence harvesting of ocean fish, reef fish atifishare 27%, 30%

and 28% respectively. Using information on the frequency of fishing trips and the average weight
of catch, weestimatethe average quantity of harvest per household (see Fi@rdhe total
annual harvest igstimatedby multiplying tre average household harvest by the number of
households (4,436 CISO 2018) see Table.
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Figure8. Average household subsistence harvest of fish and shellfish (kg/household/year)

6.2.3 Value

The value of the subsistence fishery ecosystem sercae be estimated from fish and
invertebrate harvest data, multiplied bselevant local price$, less thecosts ofsubsistence
fishing technique$ as illustrated by the equation

OOGBA@EBQ YO O Qi 'O ENIHE 00l VOEXAY 68Q0 "OM1 0 8¢ o i
This formula is applied testimate thevalueof subsistencdisheriesin Table2. The gross value

of subsistence fishing estimatedby multiplying the total annual harvest by average market
prices, which were obtained from MMR and Gillett (2016).

The costf subsistence fishingiclude basic fishing gear, such as dineooks, nets, spears,
goggles and lightsas well as boats and boeatlated expenses such as fuel and maintenance.
Theseannualisedcapital and variable costs must be subtracted from the gross value of harvest
to determine the neteconomic valuef subsistence fishingubsistence fishers are not paid a
wage,but their time has value. It can be the case that whenaogportunity cosof labour (such

as the average local wage rate) is subtracted from the value of the fish caught, the value of
subsistence fishing is negative. In other words, fishers are earning less per houhéhtypical
wage rate. Subtracting thepportunity costf wage labour may be applicable in some cases
where wageearning jobs are available to fishers, but in many instances, particularly in remote
villages where there are no other employment opporitigs, there are no tru@pportunity costs

for subsistence fisher§Ve therefore do not subtract an estimate of the opportunity cost of time

in estimatingthe net value of subsistence fishing.

Information on the costs of subsistence fishing is not avhilab we use estimates based on

data for fuel costs from MMR for a lower bound cost (16% of gross revenue) and from the
commercial fishing sector as an upper bound cost (53% of gross revenue). This range of costs is
used toestimatethe range of net valuefor subsistence fishing (NZD62, 4.7 million per year).

For example, théower bound estimate of net value (NZD 2,627,108) is computed as the gross
value (NzZD 5,589,591) minus the higher bound estimate of costsZJ]9BP,483)The midpoint

in the estimated range of net value is NZD 3,661,%82.

Comparing these results with earlier estimates of artisanal and subsistence fisheries in the Cook
Islands provide some measure of context and validation. The HIES (2016) reports that annual
national household ioome from fisheries is NZD 544,990. This is a measure of cash income from
the sale of harvested fish and does not include subsistence $isbtractingthis from our
estimates implieshat subsistence use accounts fo®-88% of household harvest.

5 The relevant prices are for commodities that would be substituted in the absence of the harvested resource. This
might be the same type of fresh fish available at local markets or other forms of protein (e.g., canned meat).
Alternatively, esource harvesters might choose to sell their catch instead of consuming it themselves, in which
case the relevant price would be the price they can sell it for.
7 |deally, value would be calculated separately for each different fishing technique (ueapiearing, nets,

handline) since the harvests and costs vary accordingly.

8 All calculations and data are available in a supplementary Excel file
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Gillett (2016) estimates that subsistence fisheries in 2014 amounte2i7f&000 kg with a net

value of NZD 2 million, which is a little lower but similar magnitude to the estimates produced in

this report.

Table2: Value of subsistendesheries

Ocean fish Reef fish Shellfish Total
Average household harvest
(kg/household/year) 64 22 > o1
Total harvest (kg/year) 282,873 99,457 23,442 405,772
Average price (NZD/kg) 12 15 30
Gross value (NZDl/year) 3,394,473 1,491,856 703,262 5,589,591
Average household value
(NZD/household/year) 765 336 159 1,260
Costc low (% of revenue) 543,116 238,697 112,522 894,335
Costc high (% of revenue) 1,799,071 790,684 372,729 2,962,483
Net valueg low (NZD/year) 1,595,402 701,173 330,533 2,627,108
Net valueg high (NZD/year) 2,851,357 1,253,159 590,740 4,695,257

6.2.4 Uncertainty

There is little reliable data for subsistence fisheries in the Pacific. Most estimates are dubious

extrapolations from isolated and/or old data setBat have chronically underestimated

subsistence harvests (Zeller et, 2014)

The estimates in this report are based on the MESV household survey, which has a small sample
that is likely to underepresent households that rely heavily on subsistensieifig. As such, the

estimated quantities and values may be an underestimate of the actual scale of subsistence

fishing.

6.2.5 Sustainability

¢ KS /| 22 {|extdnsive fislf &hd ifvertebrate habitats should be sufficiently productive to
maintain a sustainableosirce of seafood for households that depeod subsistence activities.
However, resource pressumanbe highly located around villages ancare should be taken to

avoidlocalsedover-harvestingw | dzA Qa | NB

GNIF RAGAZ2Y I £ &

dza SR

a given amount of time, the closed area reopens andNide ¢btites to another area so that
can regenerate. This traditional system of conservatistoricallyworks well. It is, howeat,

becoming less effective and is poorly regulated and enforced in many islands, most of all
Rarotonga, hence areas are not able to replenish and are at high risk of depletion.
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6.2.6 Distribution

The benefits fromsubsistence fishingccrue entirely to househds withinthe Cook Islands
Subsistence fishing does not generate governmrenenueor foreign exchange, which means
that it can be easily neglected in economic planning and patiaking. Despite the uncertainty
in subsistence fishing data, the proximiy households to marine resources and the limited
relative income available to mosCook Islandshouseholds to purchase imported and/or
processed foods indicate that subsistence fishing is, and will continue tesbentialfor food
security and thewvellbeing ofCook Island$amilies. This is particularly true for familiesther
away from main economic centres atbse to nearshore lagooand reef habitats that are
accessible to fishing with minimal costs.

29



6.3 Commercial fisheries

This section evaluatethe harvestof seafood that is sold or exchanged via a monetary
transaction.Commercial fishing is a large component of many Pdsléind economiesTheEEZs

of Pacific Island countriesre home o large fish stockghat are usedo providefood for people
throughout the world The Western Pacific skipjack tuna fisheryame ofi KS 62 NX RQa
natural source of animalprotein and whitemeatalbacore tuna from southern Pacific waters is
canned and sold worldvide. Millions of squareilometresof reef and lagoon habitat support

the reproduction of a wide variety of commercially popusaafood

Commercial fishing divided into inshore fisheries and offshore fisheri@shore fisheriesccur
in any reef, lagoon, intertidal zones or other ardhat have relatively shallow water and are
home to nonmigratory fish and invertebrate specie®ffshorefisheries occur irdeepwater
areas that are home t@ommercially viable species such sisarks, billfishand tuna. In this
section,the focusis on dfshorecommerciaffisheries

6.3.1 ldentify

Like most Pacific Island countries, offshore fishing in the Cook Islands is mostly for commercial
sale and export. Although deepater and pelagic fish species are sometimes caught by artisanal
fishers near to shore, offshore fishing is generally charé®dr by more expensive and
sophisticated equipment than is used for inshore fishing.

Currently there is only one Cook Islarmsned and operateaffshorefishing company, Ocean
Fresh, which operatesvo Rarotongabased longline vesselThe majority of dshore fishing is
undertaken byforeignbased vesse]svhich comprise of two type4: Longliners of which there

were 33 vesselsoperatingin the Cook Islands zone in DIMMR, 2019)2. Purse seiners, of
which there were 50 authorised to fish in Coodlatsl watersn 2018 (MMR, 2019)

6.3.2 Quantify

The level of fishing effort and catch for the domesticallyned and operated longline vessels in
2019 are reported in Tabld. The volume of catch by foreigmsed longline and purse seine
vessels 2018 is reported in Taldle

Table3: Fishing effort and catch (metric tonnesnt) for domestically owned longline vessels
in 2019

Days 520
Fishing effort (hoks set per year) 1,299,600
Catch per unit effort CPUE (kg/1000 hooks) 143
Total catch (nfiyear) 186
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Table4: Fishing effort and catch (metric tonnesnt) for foreignbased longline and purse
seine vessels in 2018 (source: MEIR.9)

Longline vessels 33
Longline catch (mt/year) 4,050
Albacore (mt/year) 3,075
Yellowfin (mt/year) 531
Bigeye (mt/year) 195
Blue marlin (mt/year) 108
Swordfish (mt/year) 41
Purse seine vessels 50
Purse seine catch (mt/year) 34,400
6.3.3 Value

The neteconomic benefifto fishers) of this ecosystem service can be estimated by subtracting
fishing costs fronthe gross valueof the catch.The remaining value is thealueaddedof the
sector.

The revenue, costs and net value for the domestiealiyned longline operator in 2019 are
reported in Tablé. Information on costss not availableor the foreigrowned operatorsso we
assume that they have the same valagded ratio as the domestic operasrlt is possible,
however, that the foreign owneglessels face lower cost@nd so this assumptiomvould result

in an underestimate of the actual net value of the fish@fgisunderestimatein costs is likely to

be even greater for the purse seine fishery where costs per unit are likely to be much Tdwer.
revenues and net value for foreign based longline and purse seine vessels in 2018 are reported
in Table6. In Table 5 and 6, thestimated net value is computed as the gross revenue minus the
cost.For example, for domestically owned longline vessp 1,855,376NZD 1,000,009 NZD
855,370

Table5: Revenue, costs and net value for domesticallyned longline vessels in 2019

Total catch (mt/year) 185
Average value of fish (NZD/kg) 10

Gross value of catch (NZD/year) 1,855,370
Costs licence, fuel, crew, bait, maintenance (NZD/year) 1,000,000
Cost proportion of revenue 54%

Net value (NZDl/year) 855,370
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Table6: Revenue, costs and net value for forelgased longline and purse seine vessels
2018

Longline gross value of catch (NZD/year) 40,500,000
Longline cost (NZD/year) 21,828,530
Longline net value (NZD/year) 18,671,470
Purse seine gross value of catch (NZD/year) 68,800,000
Purse seine cost (NZD/year) 37,081,552
Purse seine netalue (NZD/year) 31,718,448
Total net value (NZD/year) 50,389,917

6.3.4 Uncertainty

There is much uncertainty about appropriate fishing costvalueaddedratios for foreign
based vessels. Fishinglueadded cost ratios reported in the literature range from 80% to 20%.
The 54%costratio used above is a conservative estimate, which may underestimate the true
economic valuef the fisheryif foreign owned vessels, and particularly the purse seine vessels,
facelower operating costs.

6.3.5 Sustainability

Stock assessments from 2010 show that South Pacific albacore stocks remain sustainable despite
eviderce of perennial increases in fishing effort and decreases in CPUE that have been forcing a
significant contraction oEommercial longline fishing (SPC, 2014b). The longline technique of
fishing tends to harvest older fish that have already had a chance to reproduce, making longline
fisheries less susceptible to overfishing than purse seine fisheries. However, fleets repo
significant declines in harvest and decline in CByEatch from commercial fishing is likely to
impact the populations of some netarget species (Hall et al., 2017).

6.3.6 Distribution

The offshore commercial fishery is clearly dominated by forb@sedvessels. In 2018he 50
authorised purse seine fishing vessels comprised 16 KorednKiribatan, 2 Vanuatan-, 2
Nauruan, 2 Spanish 1 Marshakse, and 1 Tuvaluarflagged vessel, in addition to the US
multilateral Treaty vessels (MMR, 201%).is important to note that the majority of the
estimated value of commercial fisheries accrues to foreign owned ve$sel€.ook Islands only
benefits from their licence feeand sale of catch quotas, which wapproximately NZD 18
million in 2019MFEM2020c) and incurs the cost of managing the resource
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6.4 Trochus
6.4.1 Identify

Trochuss atype of medium to largesizedmarinegastropodmollusc(sea sna)l Tectus niloticus
(trochus) was introduced tthe Cook Islands, and specifically to Aitutakil@b7. This sea snail

is harvestegrimarily for its shell, which is used to make mother of pearl buttons and decorative
ornaments.Trochus are usually collected while snorkelling or wading on the back reef shelf. The
first commercial harvest of trochus t&oplace in 1981. This harvest was comparatively
unregulated, and around 200 tonnes of trochus were reported to have been harvested over a
15-month period(MMR 2012)

At Aitutaki, trochus are normally harvestedter resource surveys have been completedian
havedetermined anaverage densitpf greater than 500 trochus per hectare. Thirteen orgadi
community harvests have occurr@dior to 2012 (MMR 2012).

The Aitutaki trochus fishery is managed by the Island Council following the principles of
sustainaliity, ease of implementing a harvest, enforcement of management measures and fair
distribution of the benefits to the community. The management approaches developkdies

size limits with a minimum of 80mm and a maximum of 110mm basal diameter, stumedt
season, and an overall harvest qualtat is subdivided equally among the resident community
(MMR 2012)

6.4.2 Quantify

Trochus harvests do not take place every yeand the most recent harvest was in 2015 on
Aitutaki. Data on the location, year and kasted weight of trochus is reported in Taldle
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Table7: Trochus harvest and value 198@15 (source: MMR and Raymond Newnham)

Location Year Harvest (mt) Price (NZD/mt) Gross Value
(NzD)
Aitutaki 1981 200 850 170,000
Aitutaki 1983 35.7 1,250 44,625
Aitutaki 1984 45.7 1,450 66,265
Aitutaki 1985 27 1,800 48,600
Aitutaki 1987 45.1 2,000 90,200
Aitutaki 1988 18 3,000 54,000
Aitutaki 1990 26.2 7,000 183,400
Aitutaki 1992 28 6,350 177,800
Aitutaki 1995 34 6,000 204,000
Palmerston 1997 15
Aitutaki 1997 18.4 6,250 115,000
Aitutaki 1998 31.4 6,500 204,100
Aitutaki 1999 18 8,250 148,500
Aitutaki 2001 37 8,500 314,500
Rarotonga 2001 24.5 1,255 30,748
Manihiki 2005 3.9
Aitutaki 2011 18.9 832 15,725
Aitutaki 2015 19.8 4,126 81,700
35-year total 633 1,949,162
Annualised 18 55,690
6.4.3 Value

The gross value of harvested trochus shelkstanatedby multiplying the harvested weight of
shells by the price (see Tallg The trochus meat might also have sowadue but very little is
sold,and most is eaten by the harvesting families (Newnl@pers. com.). Thestimationof

the net value to harvesters requires information on the costs of harvesting, which is not
available. The costs of harvesting are assuntete low andmainly comprise fuel for boats
Harvesting and cleaning does, however, require a large amoutitnef(TiraaPassfield et al,
2011)

To arrive at an annual value of trochus harvest,cafulatean annualised value over the 35
yearperiod tha harvesting has taken place. This gives an annual valalenoistNZD56,000.

6.4.4 Uncertainty

The value of trochus harvesting is uncertain and highly variable due to fluctuation in the price of
the shells. Currently there is an oveupply in the Pacific antthe price is low. In addition, it is

not a resource that can be harvested on a regular annual basts depends on the assessed
density across locations.
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6.4.5 Sustainability

The trochus resource systematicallynonitored,and each harvest is well regulatédoreover,
assigned harvest quotas are not necessarily filled.

6.4.6 Distribution

The value of trochus is primarily a benefit to local families that participate in the harvest. There
appears to be interest in improving the pdsarvest processing and adding valto the
products.

35



6.5 Pearls
6.5.1 Identify

Pearl farming is currently the most significant type of aquaculture in the Cook Islands (Gillett
2016). Production has declined since its peak in 2000 when there were 81 farms producing an
annual yield worthapproximately NZD 18 million. At this time, pearls accounted for a large share
of exports and approximately 20% of GDP (ME®&L2; Gillett 2016). Production has declined
during the past 20 years due to bacterial infection and declining prices in thel gledid market
(Hambrey2011; Gillett2016) and in 2014 there were about 10 active pearl farms, with a further

14 farms operating at a minimal level (Brovi2015).

6.5.2 Quantify

The quantity of pearls bought by the Cook Island pearl exchange is repoifadl&B. This does
not, however, represent the total production of pearishich are also soldlirectly to local
retailers or expored. Data on theexports ofpearls and pearl shalare availabldut reported by
value only, noby weight or numberA roudh estimate of the total number of pearls produced
in 2019 is 30,000 pieces (Raymond Newnham, pers. com.)

6.5.3 Value

The value of pearls bought by the Cook Island pearl exchange is provided irBTahéenet
value is alculatedusing a rough estimate of theost of production at NZD 10 per piece
(Raymond Newnham, pers. conihe value of pearl exportstigported in Table.

To arrive at an estimate of the total net value of pearl production in 2@&9multiply the
estimated total production(30,000 pieceshy a price of NZD 20/piece (under the assumption
that the price of directly sold and exported pearls are likely to be higher than at the pearl
exchange) less the estimated production cost of NZD 10/piece. Thssagiestimated total net
value of pearl ppduction of NZD 300,000.

Table8: Quantity of pearls bought by the Cook Island pearl exchange-20198 (Source: Inshore
& Aquaculture Fisheries Division, MMR)

Gross value
Year Pearls (pieces) Price (NZD/piece) (NZD) Net value (NZp
2016 5,130 12.87 66,023 14,723
2017 6,477 14.64 94,823 30,053
2018 2,635 13.04 34,360 8,010
2019 10,458 17.45 182,492 77,912

930,000%(2610) = 300,000
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Table9: Value of pearl exports 2012019 (Source: MMR)

Financial Year Pearls (NZD Pearl Shell§NZD) Total (NZD;
2011/12 339,000 211,000 550,000
2012/13 241,294 50,000 291,294
2013/14 203,000 49,000 252,000
2014/15 301,000 118,000 419,000
2015/16 314,000 49,000 363,000
2016/17 203,364 42,000 245,364
2017/18 219,000 - 219,000
2018/19 106,971 720 107,691
2019/20 42,894 86,000 128,894

6.5.4 Uncertainty

The estimated value of pearl production is based on approximate numbers for the total
production, price per pearl and also the cost of production. This value is therefore highly
uncertain.

6.5.5 Sustainability

The production of pearls is a closely managed aquaculture process that is not prone to
overharvesting or other challenges facing open access renewable resolirégshowever,
susceptible to external impacts in terms of diseaskmate clange and price fluctuations.
Globally the production of pearls has become more concentrated and the scale of production
has increasedeading to lower prices (Tisdell and Poirine, 20D#hnston et al, 2039

6.5.6 Distribution

In the Cook Islands, pearl aqu#tawe is conducted by small producers and the benefits accrue
to these local businesses and employdesarl aquaculture is particularly concentrated in the
Northern Group, predominantly Manihiki, although family members/businesses based in
Rarotonga thabn sell them also benefit.
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6.6 Sandandcoralaggregate
6.6.1 Identify

Sand and aggregatare required in the production of construction materials such as concrete
and asphaltThesemateriak are either quarried from rock, or mined from land or sea. In Pacific
Island countries, which have limited land and rock resources, sand and aggregate is often mined
from beacheslagoonsand reefsand ismostly composed of dead coral. In some places, entire
structures and sea walls are constructed from coral that has been broken into stackable bricks.
Sand and coral may also be used for beautification of gard&esrly this material provides an
important service to island communities. Unfortunately, coraéslmot grow fast enough to be
considered a renewable resource.

Since sand and coral aggregate are important construction materials, these resources have
substantial value to businesses and consumers. Mining, however, can also have significant
negative externalities, upriced costs or harms that accrue outside of thening industry. For
example, if sand mining on a beach induces saltwater intrusion that contaminates the
groundwater supply to local villages; the loss of clean groundwater is a negative externality of
beach mining. Coastal erosion and siltation of resfs other potential externalities of coral
aggregate mining, which suggests that minmgyht negatively affect the provision ather
ecosystem services such as coastal protection or fishing.

6.6.2 Quantify

Only limited information could be obtained on the qu#ies of sand and coral aggregate
extracted from the marine environment. This information is summarised in Ti&bl€o make a

rough extrapolation from this data, westimatethe annual average quantities of sand (0.9 m

and coral aggregate (0.43nper person. Multiplying these averages by the population of each
island (excluding Rarotonga, on which sand and aggregate are obtained from terrestrial sources)
gives a rough estimate of the total quantities extracted each year: 3,668nd and 1,871 n

cord aggregate.

Tablel0: Quantities of extracted sand and coral aggregate

Resource Source Island Quantity Year Use
Ecosystem (m3)

Sand Coastal Manihiki 200 2019 Building construction

Sand Foreshore  Manihiki 300 2020 Buildingconstruction

Sand Beach Palmerston 16 2019 Beautification of gardens

Sand Beach Palmerston 8 2020 Beautification of gardens

Sand and Cora Coastal Mangaia 144 2020 Buildingconstruction
road repairs, earth works

Coral Foreshore  Manihiki 150 2020 Building construction

aggregate

Coral - Palmerston 8 2019 Construction

aggregate
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