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Large marine ecosystems assessment
methodology

TWAP
TRANSBOUNDARY WATERS ASSESSMENT PROGRAMME

2.1 Approach to assessment and management of LMEs: LME
modules
A detailed description of the Transboundary Waters Assessment Programme (TWAP) Large marine ecosystems
assessment methodology (IOC-UNESCO 2011) is available online at http://www.geftwap.org/publications/
methodologies-for-the-gef-transboundary-assessment-programme-1/volume-5). The approach to LME assessment
and management is based on five linked modules – Productivity, Fish and Fisheries, Pollution and Ecosystem
Health, Socio-economics, and Governance (Sherman 2005), with corresponding sets of indicators for monitoring
and assessing changing conditions in LMEs. The first three modules focus on natural systems, the other two deal
with human interactions with these systems. The natural system modules have so far received the most attention,
but increasing consideration is being given to the human dimension of LMEs, for example in ecosystem-based
management approaches. The TWAP LME assessment methodology is built on these five modules.

Socio-economics module
The socio-economic module emphasizes the explicit integration of social and economic indicators and analyses with
scientific assessments, to ensure that management measures accurately reflect the value of LMEs and the costs of
impairment of the ecosystem services they provide. Socio-economic considerations must be closely integrated with
science-based assessments to provide the information needed to adapt to changing ecological conditions (Tallis et
al. 2008). The estimated annual contribution from coastal waters to the global economy of around US$28 trillion
(Costanza et al. 2014) highlights the critical importance of LMEs. At the same time, socio-economic factors, such
as those related to human populations and activities, are often the source of threats to the sustainability of LMEs.
Lower sustainability of LMEs, in turn, has potentially severe consequences for human communities dependent on
them. Indicators and indices assessed under this module include coastal human population, the Human Development
Index (HDI), climate threat index, sea-level rise threat indices, contribution of fish protein in diets, and fisheries and
tourism revenues.

Governance module
There are three key general mechanisms of governance (Juda and Hennessy 2001): the marketplace, the government,
and non-governmental institutions and arrangements. These mechanisms interact through a changing pattern of
dynamic relationships. Governance mechanisms influence one another across scales (global, regional, national, and
local), including down to the scale of personal behaviour. These mechanisms and their interactions determine who
benefits from the delivery of ecosystem services (equity), and what kinds of activities people engage in (for example
choices that are influenced by regulations and social norms).
Observations supporting the need for improvements in the governance of LMEs include incompatible human uses
of LME space and resources that result in mutual interference, and human uses of the LME environment that
interfere with natural processes and limit the potential for future use of that environment (Juda and Hennessey
2001). Through GEF LME projects, countries are moving towards joint governance arrangements to address priority
transboundary issues identified in the LMEs they share. The current assessment evaluates formally established
transboundary governance arrangements relevant to fisheries, pollution, and biodiversity and habitat destruction in
the 49 transboundary LMEs.
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Productivity module
Primary productivity drives the flow of energy through the food webs of LMEs and can be related to the carrying
capacity of these ecosystems for supporting fish resources (Rosenberg et al. 2014; Christensen et al. 2009; Pauly
and Christensen 1995). Measurements of ecosystem primary productivity are also useful indicators of the growing
problem of eutrophication (pollution from excessive nutrients), which is leading to an increase in the frequency and
extent of dead zones in coastal waters around the globe (Diaz and Rosenberg 2008). Ocean primary productivity is
closely coupled to climate variability (Behrenfeld et al. 2006), as it is affected by increases in sea surface temperature
and changes in ocean stratification. For TWAP, indicators assessed under this module are primary productivity,
chlorophyll a, and change in sea surface temperature (SST).

Fish and Fisheries module
Fish populations are important for the trophic transfer of energy within LMEs, and for providing an important
ecosystem service in the form of fish catch. LMEs produce 80 per cent of the world’s annual marine fish catch
(Pauly et al. 2008), providing a significant source of food, livelihoods, and foreign exchange to bordering countries.
Nevertheless, overexploitation is widespread and is more severe within LMEs than in the rest of the ocean. Changes
in biodiversity and species dominance within fish communities have resulted from pressures such as excessive
exploitation, naturally occurring environmental shifts caused by climate change, and coastal pollution. This module
focuses on monitoring and assessing changes in the condition of capture fisheries and mariculture, in impacts of
environmental variability (including climate change), and in predator-prey dynamics within the fish community, from
benthic components and plankton at the base of the food web to apex predators (Rosenberg et al. 2014; Fu et al.
2012; Link et al. 2012; Chassot et al. 2007; Frank et al. 2005; Daskalov 2003). The current assessment includes timeseries of a number of fisheries indicators, and fishery production potential as a function of primary production.

Pollution and Ecosystem Health module
Marine- and land-based pollution and degradation of marine habitats are of major concern in many LMEs. Pollution
is often transboundary, since hydrological links between river basins, marine ecosystems, and the atmosphere often
result in effects far from the sources of the pollutants. The risk of transboundary impacts tends to be highest for
persistent organic pollutants (POPs), particularly substances that readily migrate between air and water (such as
DDT). In many coastal areas, pollution and eutrophication have been important driving forces of change in biomass
yields. For this module, floating plastic debris, POPs in plastic resin pellets, and nutrient inputs from watersheds to
coastal areas were assessed.
Ecosystem health is an emerging concept of wide interest, but is difficult to capture in a single, precise scientific
definition (Tett et al. 2013; Borja and Rodríguez 2010). Indicators and indices assessed under this module include
the extent of mangroves and coral reefs, reefs at risk index, marine protected areas, cumulative human impacts on
marine ecosystems, and the Ocean Health Index.

Conceptual framework
Central, linked themes of TWAP are the vulnerability of ecosystems and human communities to natural and
anthropogenic stressors, impairment of ecosystem services, and consequences for humans. Many coastal human
communities around the world are vulnerable to changes in ecosystem services because of their heavy dependence
on them for their survival and well-being. This is of particular concern in poor communities that have few alternatives
for food security and livelihoods in the face of declining living marine resources. Further, human communities are
increasingly being exposed to the impacts of global climate change through increases in the frequency and intensity
of extreme weather events such as storms and droughts. In coastal areas, this vulnerability increases when the
protective function of coastal habitats, including coral reefs and mangroves, is lost. Assessing social well-being
and vulnerabilities, in addition to economic well-being, provides a more complete picture of human–environment
interactions.
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A conceptual framework (Figure 2.1) was developed during the first phase of TWAP and adopted by both the LME
and open ocean components. This framework builds on the five LME modules and illustrates the links between
human vulnerability, natural and anthropogenic stressors, ecosystem services, and consequences for humans, with
governance as an overarching concept. The framework focuses on the idea of ‘causal chains’, which is consistent with
causal chain analysis conducted in GEF LME projects, and accommodates ecosystem services, so that they can be
taken into account in decision making. A detailed description of the conceptual framework is presented in the LME
assessment methodology document (IOC-UNESCO 2011).

Figure 2.1 LME assessment conceptual framework illustrating the interactions between the human and natural systems. This
framework illustrates the links between human vulnerability, natural and anthropogenic stressors, ecosystem services, and
consequences for humans, with governance as an overarching concept.

Figure 2.1 shows that governance factors (Box 1a) influence each other across scales, including through to personal
behaviour (Box 1b), and determine, for example, who benefits from the delivery of ecosystem services and what
kinds of activities people engage in. Moving clockwise from Box 1a, the framework shows that human drivers on
land and sea (Box 2) have associated stressors (Box 3) that can impact the state of the natural system (Box 4),
affecting the delivery (and value) of ecosystem services (Box 5), with potential consequences for people (Box 6).
While this conceptual framework identifies the protection of ecosystem services as the main pathway for mitigating
consequences for people, under some other internationally recognized value systems for management (such as
protection of biodiversity, endangered species, and natural heritage sites), the goal of management is focused not
on sustaining ecosystem services but on directly conserving ecosystem state. Indicators for all elements of human
and natural systems cannot be developed in the context of this assessment – the systems and their interrelationships
across varying scales of time and space are too complex – but the framework allows some clarity about priorities for
data to be assessed or captured as an indicator or descriptor, and about what assumptions are inherent in linking
indicators with their consequences. In the context of a future GEF intervention, the full framework may be useful for
deciding what main points of intervention in the human system would help manage a positive outcome through the
natural system.
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2.3 Scale and scope of the assessment
The current assessment covers all 66 LMEs and, at GEF’s request, the Western Pacific Warm Pool (WPWP). The
original LME assessment methodology makes provisions for two levels of assessment:
Level 1: an indicator-based global baseline comparative assessment of the current state of all LMEs (except
for assessment of fisheries indicators for the Barents Sea and Norwegian Sea LMEs), plus projections to 2030
and 2050 where possible, using a set of core indicators (of stress, status, socio-economic conditions, and
governance) for which data are available globally, under each of the five LME modules;
Level 2: more detailed assessments at the sub-LME scale where data are available.
Because of funding constraints, the current assessment consisted mainly of Level 1, with a pilot Level 2 assessment
of nutrients in the Bay of Bengal (BOB) LME, in collaboration with the GEF BOB LME project.
Since the TWAP LME assessment is global, the selection of indicators was partly constrained by the availability of
comparable global data sets. A detailed description of each indicator used in the current assessment is available on
the LME website (onesharedocean.org). Key questions that the comparative assessment sought to answer using the
selected indicators were:
• Which LMEs are most heavily impacted for each issue?
• What are the current trends and main drivers in LMEs for each thematic area?
• Which ecosystem services are most at risk?
• What are the implications for humans?
• Where is human dependency on LME ecosystem services the highest?
• Where are humans most vulnerable to changes in LME condition?
• What is the status of the governance architecture or arrangements in transboundary LMEs?

2.4 Approach to the comparative assessment
Identifying LMEs for priority intervention by the GEF requires a consistent indicator scoring system that can facilitate
a comparative assessment. The system needs to have enough categories to identify LMEs at different levels of risk
or degradation for specific indicators or environmental issues. In November 2013 the TWAP Steering Committee
agreed to use a five-category scoring system to categorize the relative levels of risk or degradation for transboundary
water systems. These risk categories are ‘lowest’, ‘low’, ‘medium’, ‘high’, and ‘highest’. This approach, however, is not
suitable for indicators without clear directionality in terms of what can be considered ‘good’ or ‘bad’ (such as primary
productivity and sea surface temperature). The interpretation of such indicators is context-specific.

2.4.1 Comparative assessment – individual indicators
Two overall approaches for assigning LMEs to each of the five risk/degradation categories were adopted for individual
indicators:
1.

based on literature and science-based expert judgement, where some scientifically defined reference
points or thresholds of ‘good’ and ‘bad’ or low/high risk existed. The remaining thresholds were defined
to give a relatively equal distribution of the results between the remaining categories;

2.

a statistically-based approach for indicators where no scientifically defined thresholds exist. If the LME
groups were statistically determined, some statistically-derived parameter (for example, ranking or
normalization from zero to one) was applied.

Each expert decided on the cut-off points for the five categories for their respective indicator(s).
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2.4.2

Comparative assessment – multiple indicators

Multivariate statistical analyses were carried out to identify patterns of risk among LMEs. Objective and simultaneous
analysis of a suite of indicators with clear directionality allowed placement of the LMEs in the five risk groups. These
analyses helped to identify indicators that were most influential in defining the groups. The results could then be
used to guide the setting of priorities.
Details of the methodological approaches used are presented in the individual chapters in this report, which focuses
on the comparative assessment. Results for individual LMEs are presented on the LME website (onesharedocean.
org) together with the underlying data.

2.5 Assessment process
A working group of institutional partners and experts was convened by the IOC to conduct the LME assessment over
the period April 2013 to March 2015. The working group members are listed in Annex 2.1. Each partner or expert was
responsible for one or more indicators. A smaller working group, which included some members of the main working
group, developed the methodology and carried out the computations for the multivariate comparative assessment.
Because of time and budgetary constraints, it was not possible to consult or solicit inputs from regional experts.
Information on the LME assessment and preliminary results were, however, presented at a number of international
forums, including several annual meetings of the IOC/IUCN/NOAA LME Consultative Committee and Global Meetings
of the Regional Seas Conventions and Action Plans (2010, 2013, 2014, and 2015).
During the course of the project, two meetings of the main working group were held at the IOC in Paris, and one of the
smaller working group in Florida. There were also extensive interactions between the working groups electronically
(via email, skype, and telephone). Partners and experts prepared draft chapters on their respective themes, which
were peer reviewed by external experts from around the world. The revised chapters were then reviewed by the
TWAP Scientific and Technical Advisory Committee (STAC), an independent, high-level body established by the Project
Steering Committee. The STAC consisted of one internationally recognized expert for each of the transboundary water
body types, one member from the GEF Scientific and Technical Advisory Panel, and additional experts. Following the
STAC review, the chapters were reviewed by two scientific editors (designated by the IOC) and then finalized by the
authors with the assistance of a science communication expert, graphics designer, and copy editor.

2.6 Organization of this report
The rest of this report is organized in sections corresponding to the five LME modules (Socio-economics, Governance,
Productivity, Fish and Fisheries, and Pollution and Ecosystem Health). Each section presents the assessment results
in thematic chapters, based on individual indicators or indices. The final thematic chapter presents the results of
analyses identifying patterns of risk among LMEs using multiple indicators from all the LME modules except the
Productivity module. This is followed by the conclusion chapter.
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Annex
Annex Table 2-A TWAP LMEs assessment working group of institutional partners and
experts. Other contributors are listed in the report chapters and the acknowledgements
section.
Institutions and experts

Role/Thematic area

IOC-UNESCO (Julian Barbière, Manager, and Sherry Heileman, Coordinator)

Management and coordination, TWAP LMEs
component

National Oceanic and Atmospheric Administration (NOAA), Rhode Island, US (Kenneth
Sherman)

Scientific advice

Liana Talaue-McManus (individual expert, Florida, US)

Socio-economics

Robin Mahon (individual expert, Centre for Resource Management and Environmental
Studies, University of the West Indies, Barbados)
Lucia Fanning (individual expert, Dalhousie University, Nova Scotia, Canada)

Governance

John O’Reilly (individual expert, Rhode Island, US)
Kenneth Sherman (NOAA, NE Fisheries Center, Rhode Island, US)

Primary productivity

University of Rhode Island, Rhode Island, US (Igor Belkin)

Sea surface temperature

University of British Columbia, BC, Canada (Daniel Pauly and Vicky W.Y. Lam)

Fisheries status (multiple indicators)

FAO-CI Fishery Production Potential Working Group – Michael J. Fogarty (NOAA, US),
Andrew A. Rosenberg (Union of Concerned Scientists, US), and others

Fishery production potential

Joint Group of Experts on the Scientific Aspects of Marine Environmental Protection –
GESAMP, UK (Peter J. Kershaw)

Floating plastic debris

Laboratory of Organic Geochemistry, Tokyo University of Agriculture and Technology,
Tokyo, Japan (Hideshige Takada)

Persistent organic pollutants in plastic resin
pellets

International Geosphere Biosphere Programme, Sweden (Sybil Seitzinger)

Nutrient inputs from watersheds

UNEP – World Conservation Monitoring Centre, Cambridge, UK (Chris Mcowen)

Mangrove extent and threats; Reefs at Risk
Index; change in MPA extent

University of California, Santa Barbara, US (Benjamin S. Halpern)

Cumulative human impacts on marine
ecosystems

University of California, Santa Barbara, US (Benjamin S. Halpern)

Ocean Health Index

Kristin M. Kleisner (individual expert, Sea Around Us, BC, Canada) and Liana TalaueMcManus (individual expert, Florida, US)

Identifying patterns of risk among LMEs using
multiple indicators
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