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TRANSBOUNDARY WATERS ASSESSMENT PROGRAMME

Introduction
Large marine ecosystems (LMEs), 66 of which are defined globally, are relatively large areas of coastal waters of
200 000 km2 or greater, encompassing coastal areas from river basins and estuaries to the seaward boundaries of
continental shelves and outer margins of major coastal currents or enclosed or semi-enclosed seas (Summary Figure 1).
These water systems, many of which are transboundary, contribute an estimated US$28 trillion annually to the global
economy through the provision of ecosystem goods and services essential for human well-being and socio-economic
development of the bordering countries. Undeniable trends, however, indicate that a growing human population and
its activities, as well as a changing climate, are modifying the state of LMEs at an increasing rate, threatening their
sustainability and the services they provide.
Summary Figure 1 Large marine ecosystems and the Western Pacific Warm Pool
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Since the mid-1990s the Global Environment Facility (GEF) and other donors have provided over US$3 billion to LME
projects in more than 100 developing countries for ecosystem-based management (EBM) of LMEs. Recognizing the
value of LMEs and other transboundary water systems (open ocean, groundwater aquifers, lakes and reservoirs,
and river basins), their continued degradation, the fragmented approach to their management, and the need for
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better prioritization of interventions, the GEF embarked on the Transboundary Waters Assessment Programme
(TWAP). Under TWAP, two projects were conducted between 2009 and 2015, the first to develop the assessment
methodology and the second to conduct the assessment. The latter had two main objectives:
1.

2.

To undertake the first global assessment of transboundary waterbodies, through a formalized consortium
of partners that will assist GEF and other international organizations to improve the setting of priorities
for funding allocations;
To formalize the partnership with key institutions aimed at incorporating transboundary considerations
into regular assessment programmes, resulting in periodic assessments of transboundary water systems.

The key TWAP partners were the United Nations Environment Programme (UNEP), the implementing agency, and four
executing agencies, each of which was responsible for one of the five transboundary waters systems components:
the Intergovernmental Oceanographic Commission (IOC) of the United Nations Educational, Scientific and Cultural
Organization (UNESCO) (LMEs and open ocean); the International Hydrological Programme of UNESCO (groundwater
aquifers); UNEP-DHI (river basins); and the International Lake Environment Committee (lakes and reservoirs). The
LMEs assessment was conducted by a working group of institutional partners and experts (see the acknowledgements
section) under the leadership of the IOC/UNESCO. At the request of the GEF, an assessment of the Western Pacific
Warm Pool (WPWP; Summary Figure 1) was also undertaken.
While the GEF Secretariat is the main target audience of this assessment, there are other major potential beneficiaries
including GEF LME projects (specifically for the Transboundary Diagnostic Analysis and Strategic Action Programme
processes), and LME commissions or similar regional bodies. This baseline assessment, as well as the assessment
methodology, can make a significant contribution to other marine assessment processes such as the UN World Ocean
Assessment and the Regional Seas state of the coast reporting. LMEs assessments can also support relevant reporting
mechanisms of the UN Sustainable Development Goal (SDG) #14 that calls for nations to “conserve and sustainably
use the oceans, seas and marine resources for sustainable development.” A number of the key targets of SDG 14 are
well-aligned with those of LMEs, including the need to reduce marine pollution of all kinds (including nutrients), to
sustainably manage and protect marine and coastal ecosystems, and to support the sustainable development of
fisheries.

Assessment methodology
An indicator-based methodology for assessment of LMEs was developed during the first TWAP project conducted
from 2009 to 2010 (www.geftwap.org/publications). The approach to the assessment and management of LMEs is
based on five modules (Socio-economics, Governance, Productivity, Fish and Fisheries, and Pollution and Ecosystem
Health), each with sets of indicators. Central, linked themes of TWAP are the vulnerability of ecosystems and
human communities to natural and anthropogenic stressors, impairment of ecosystem goods and services, and
consequences for humans. These links are captured in a conceptual framework that builds on the five LME modules
(Summary Figure 2).
The present LMEs assessment consists of a Level 1 global baseline comparative assessment covering a range of
environmental issues and a limited Level 2 (sub-LME-scale) assessment in the Bay of Bengal LME, focusing on
nutrients. The Level 1 assessment is based on averages at the scale of the entire LME, and does not reflect the
situation at smaller scales such as a country’s exclusive economic zone (EEZ).
This assessment sought answers to key questions to help identify LMEs where human dependence on ecosystem
services and vulnerability to LME degradation and climate-related extreme events are greatest, and LMEs where the
risk of degradation is highest (Summary Box 1). Risk is defined broadly as the probability of adverse consequences
for humans and the environment in relation to the changing states of the LME.
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Summary Figure 2 Conceptual framework for TWAP large marine ecosystems assessment
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Since the TWAP is a global comparative assessment, the selection of indicators was constrained by the availability of
global data sets. The indicators and indices used in this assessment are listed in Summary Table 1.
Summary Table 1 Indicators and indices by LME module
Note that indices often include indicators from several modules.
Module

Indicators

Socio-economics

t
t
t
t
t
t
t
t
t
t
t
t
t

Governance

Governance arrangements or architecture related to fisheries, pollution, and biodiversity (including
habitat destruction):
t
Completeness of the structure of arrangements to address a given issue or issues
t
Integration of institutions involved in addressing identified transboundary issues
t
Engagement of countries participating in arrangements

Productivity

t
t
t

Average annual primary productivity, 1998– 2013
Chlorophyll a concentrations and trends, 2003–2013
Sea surface temperature trends, 1957– 2012

Fish and Fisheries

t
t
t
t
t
t
t
t
t

Ratio of capacity-enhancing subsidies to value of landed catch
Primary production required (ecological footprint of fisheries)
Marine Trophic Index
Fishing-in-Balance Index
Stock status by number of stocks and catch biomass of exploited stocks
Catch from bottom-impacting gear types
Fishing effort
Change in catch potential under global climate change (2050s)1,2
Fishery production potential

Pollution and Ecosystem Health

t
t

Relative abundance of floating micro- and macro-plastics1
Concentrations of three types of persistent organic pollutants (POPs) in plastic resin pellets
washed up on shore
Indicator of coastal eutrophication based on two sub-indicators: nitrogen input from rivers and
nutrient ratios1,2
Extent of mangroves
Reefs at Risk Index2
Extent of warm-water coral reefs
Changes in the areas protected in LMEs between 1983 and 2014
Cumulative Human Impacts Index – CHI (incorporating data layers for ocean acidification and sealevel rise, commercial and artisanal fishing, land-based pollution, oil rigs, light pollution, invasive
species, commercial shipping, and direct human impact on sensitive ecosystems)
Ocean Health Index (measuring progress on ten widely-agreed public goals for healthy oceans,
including food provision, carbon storage, coastal livelihoods and economies, and biodiversity)

t
t
t
t
t
t
t

Coastal population and area of country segment within 100 km coastal zone
Coastal population by elevation up to 10 m and by distance from shore up to 50 km
Coastal poor
Fisheries revenues
Fish contribution to animal protein consumption
Tourism revenues
Tourism contribution to GDP
Night Light Development Index
Human Development Index
Projected Human Development Index 2100
Present-day Climate-related Extreme Events Index
Sea-level Rise Threat Index 2100
Contemporary Threat Index (includes measures of ecosystem state, socio-economic dependence,
climate event risk, and capacity to adapt)

Where empirical time series data were unavailable, modelling approaches were used.
Projections to 2030 and 2050 were carried out.

1
2

The majority of the data sets used to assess the indicators are global, gridded data that can be scaled to other
geographical units such as Regional Seas, countries’ EEZs, or smaller. These ‘raw’ data sets are available from the
respective TWAP LME partners.
To facilitate a comparative assessment of LMEs a consistent indicator scoring system was developed to identify LMEs
at different levels of potential risk. This consists of five colour-coded categories of relative risk (Summary Figure 3).
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Summary Figure 3 Risk categories
Lowest
Low
Medium
High
Highest

This approach is not suitable for indicators such as primary productivity and sea temperature that have no clear
directionality in terms of what could be considered ‘good’ or ‘bad’. The risk categories do not reflect the actual
level of environmental degradation in the LME and are only a means to facilitate the comparative assessment. Each
expert decided on the cut-off points for the five categories for their respective indicator(s) either using scientifically
defined reference points or thresholds for levels of ‘good’/’bad’ or high/low risk, based on the literature and expert
judgement, or, where no such thresholds have been defined, on statistical approaches using ranks. LMEs were placed
into the five risk categories based on individual indicators and indices. In addition, a sub-set of the indicators, including
some from the CHI, were integrated to determine patterns of risk among LMEs using a multivariate analysis. Other
types of indices can be created from the indicators based on stakeholder priorities and user-defined weightings.
Because this was a global comparative assessment across all LMEs, it was not possible to examine cause and effect,
which will probably vary among and within LMEs. Detailed assessments, including at the sub-LME scale, are needed
to link cause and effect for specific issues. More conclusive results can be obtained with improved data, including data
at the sub-LME scale and ground-truthing to validate remotely sensed data. As indicated in the individual chapters,
confidence levels in the assessment are dependent on the quality of the data underpinning the indicators or models.

Results
Results of the global comparative assessment (TWAP objective 1) are summarized below for individual indicators and
indices under each of the five LME modules, followed by results of multivariate analyses using multiple indicators.
The results for individual LMEs and the WPWP, as well as the data, are available on the TWAP LMEs website
(onesharedocean.org).

HUMAN SYSTEM

Socio-economics
The assessment of socio-economics of LMEs aimed to identify where human dependence on LMEs goods and services
is greatest and to describe the patterns of current vulnerability or risk to coastal communities from a combination
of ecological degradation and climate-related extreme events. Risk levels in 2100 were projected, factoring in socioeconomic scenarios and sea-level rise. A number of indicators were developed and subsets were used to construct
three threat indices to examine vulnerability of coastal populations. Because few of these data sets are available
at the LME scale, geo-referenced population or other regional data were used as weighting factors to downscale
national data before they were aggregated for each LME.

Human dependence
Coastal population, fish protein in diet, and contribution of LME tourism to coastal country economies were combined
as a metric of dependence on LME goods and services. The Indonesian Sea LME has the highest dependence, followed
by the Gulf of Thailand and the Bay of Bengal LMEs.
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Present-day Climate-related Extreme Events Threat Index
This index includes hazard measures (annual rates of deaths and property loss from climate-related events for the
period 1994 to 2013), the 2010 population in the 100 km coastal zone as a coarse proxy for exposure; and the Human
Development Index (HDI) Gap (calculated as 1-HDI, averaged for the period 2009 to 2013) as a vulnerability metric
that reflects the lower coping ability of poorer countries. LMEs most at risk from extreme climate events (in order of
decreasing risk) are the Bay of Bengal, Arabian Sea, South China Sea, East China Sea, Caribbean Sea, Yellow Sea, SuluCelebes Sea, Canary Current, Pacific Central-American, Somali Coastal Current, Gulf of Thailand, Mediterranean, and
Agulhas Current.

Sea-level Rise Threat Index under two contrasting Shared Socio-Economic Pathways (SSPs)
The Sea-level Rise Threat Index for 2100 integrates maximum sea-level rise, population living within a 10-km strip
along the coast and at elevations of no more than 10 m above sea level, and projected HDI Gap. The regionalized
maximum sea-level rise estimates at LME scale are based on the Representative Concentration Pathway 8.5 (with
global warming reaching 8.5 watts per m2 in 2100). Most coastal areas will experience sea-level rise while some
locations near ice sheets will experience land uplift caused by melting ice sheets. Estimates of future population
exposure in the 10 m by 10 km coastal zone are very different for the two SSPs (plausible alternative pathways for
society and natural systems over the 21st century), with a global total of 308 million inhabitants for the sustainable
world pathway and 507 million for the fragmented world pathway. Sea-level rise threat is amplified by the size of
population exposure and the degree of HDI-based vulnerability.

Summary Figure 4 Contemporary Threat Index: threat levels for 64 populated LMEs
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Contemporary Threat Index
The Contemporary Threat Index is calculated as the geometric mean of measures of human dependence (as defined
above), lack of adaptive capacity (the HDI Gap), environmental risk (risk of losses and deaths from climate-related
extreme events, and risk scores for selected indicators from the Fish and Fisheries and the Pollution and Ecosystem
Health modules). The Index for the Barents Sea and Norwegian Sea LMEs excludes the fisheries indicators. The LMEs
most at risk based on this Index are in highly populated tropical LMEs (Summary Figure 4). Those in the ‘highest’
risk category (in order of decreasing risk) are Bay of Bengal, Canary Current, Gulf of Thailand, South China Sea, SuluCelebes Sea, Somali Coastal Current, Indonesian Sea, Guinea Current, Arabian Sea, Caribbean Sea, East China Sea,
Yellow Sea, and the Agulhas Current.

Key messages
1.

2.

3.

4.

High levels of human well-being and ecosystem health are indicative and mutually reinforcing
outcomes of sustainable ecosystems. To achieve these, reducing risk and vulnerability of coastal
populations must be addressed without sacrificing ecosystem health, and vice-versa. Universal safety
nets that guarantee opportunities for human development are integral to smart ecosystem management
that aims to achieve sustainable LMEs.
Coastal populations in highly populated tropical regions are the most at risk, taking into account the
combined effects of environmental threats, dependence on LME resources, and shortfalls in capacity
to adapt. Environmental threats include loss or degradation of fish stocks and ecosystem health, and
damage from climate-related extreme events. Dependence includes coastal population size and reliance
on fish for food and on tourism for income. The LMEs at highest risk are: Bay of Bengal, Canary Current,
Gulf of Thailand, South China Sea, Sulu-Celebes Sea, Somali Coastal Current, Indonesian Sea, Guinea
Current, Arabian Sea, Caribbean Sea, East China Sea, Yellow Sea, and Agulhas Current.
Risks associated with future deterioration of ecosystem health and with climate change are
additional burdens that exacerbate an already precarious state for coastal populations of some LMEs
– but measures can be taken to mitigate these risks. Sea-level rise threat is amplified by the size of
population exposure and the degree of socio-economic vulnerability. LMEs most at risk from sea-level
rise include many of those currently at highest risk, especially those of the southern coastal regions of
Africa. Assessing vulnerability to sea-level rise in 2100 using contrasting future socio-economic scenarios
indicates that development pathways that strengthen opportunities for better education, health, and
livelihood, and reduce population growth, at national scale and in the coastal areas of LMEs, should
decrease future risk levels.
Regional assessments may prove essential for designing appropriately-scaled programmes to reduce
vulnerability and risk. Such assessments would substantiate this baseline global assessment and
highlight sub-national features. While the indicators used in assessments are evidence-based, choices
made about what indicators to combine into an index affect the outcomes of the assessment. The set
of results presented here is influenced by these choices. Future assessments should validate the results
using a suite of indicators based on finer-scale spatial data, including geo-referenced data on LME
resource utilization, poverty distribution, urbanization, and economic activity.

Governance
The assessment evaluates formally-established transboundary governance arrangements relevant to fisheries,
pollution, and biodiversity (including habitat destruction) in 49 transboundary LMEs (those shared by two or more
coastal countries) and the WPWP. Only transboundary governance arrangements and their associated architecture,
defined as the set of commonly-shared principles, institutions, and practices that affect decision making, were
examined. The assessment does not evaluate the performance of the governance arrangements. Three indicators
for monitoring progress towards ‘good’ governance in LMEs were evaluated: completeness of the structure of
arrangements to address a given issue or issues, integration of institutions involved in addressing the suite of
identified transboundary issues within a given LME, and engagement of countries participating in arrangements that
address the identified transboundary issues within the LME.
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Summary Figure 5 Levels of integration and perceived risk for 49 transboundary LMEs and the WPWP

	
  

A global comparison of the completeness indicator shows that five LMEs have a ‘high’ level of relative risk (South
Brazil Shelf, Yellow Sea, Sea of Japan, Sea of Okhotsk, and Oyashio Current). None of the LMEs are in the ‘highest’
risk category. Over 50 per cent of LMEs are in the ‘highest’ risk category for integration (Summary Figure 5). No LME
is at the ‘high’ or ‘highest’ risk level for engagement. The Mediterranean LME shows the lowest level of risk across
the three indicators, mainly due to the presence and nature of an overarching integrating mechanism to address
transboundary issues.

Key messages
1.

xxiv

An average ‘medium’ risk level for completeness of arrangements across all stages of the policy cycle
indicates that there is considerable room for improvement in the design of transboundary governance
for LMEs. Improvements in completeness can be achieved by ensuring that current and new agreements
have policy-cycle mechanisms in place that include a wide array of data and information providers,
that provide a strong, knowledge-based policy interface, and that hold decision-makers and those
responsible for implementation accountable; and ensure that monitoring and evaluation mechanisms
are implemented, thereby facilitating adaptive management. Some highlights of the analysis of
completeness by issue and policy stage are:
• Fisheries arrangements tend to have high completeness levels but need improvement in levels of
institutional collaboration on implementation;
• Pollution arrangements are low in accountability: few arrangements have repercussions for lack of
compliance;
• Biodiversity arrangements, which are mainly recommendations or decisions that can be opted out
of, tend to have the lowest levels of completeness. Accountability is limited for most, and lack of
data and information provisions is a serious shortcoming at the LME level.

TECHNICAL SUMMARY

2.

3.

Levels of institutional integration for arrangements that are in place to address transboundary issues
are generally low. Over 60 per cent of LMEs have very low scores and consequently ‘highest’ risk levels
for this indicator. This points to a need to ensure better collaboration on transboundary governance
arrangements if ecosystem-based management is to be effectively implemented in LMEs. The low
scores for integration are due mainly to the significant disconnection between organizations involved
with fisheries issues in many LMEs and those involved with pollution and biodiversity issues. This finding
points to the need to focus efforts on collaboration between these organizations, and/or the creation of
overarching integrating mechanisms.
Engagement levels in transboundary arrangements are generally high, reflecting the high level
of commitment that countries in LMEs have towards participation in agreements addressing
transboundary issues. This is positive, but does not guarantee follow-through actions on the part of
the countries, especially if there are few or no repercussions for failing to comply with the terms of an
agreement. This is of concern since the nature of the agreements, binding or non-binding, influences
the level of commitment by countries.

BIOPHYSICAL MODULES
The indicators assessed cover drivers of change in LME condition, anthropogenic stress (or pressure) on the
ecosystem, and environmental state. In addition, three composite indicators or indices were assessed: Reefs at Risk
Index, Cumulative Human Impacts (CHI), and Ocean Health Index (OHI). Spatial variability of primary productivity
(PP), chlorophyll a (CHL), and sea surface temperature (SST) are representative of natural LME variability. Most
indicators were assessed at current condition. Projections to 2030 and 2050 were also made for nutrient inputs from
watersheds, Reefs at Risk, and fish catch potential under global warming.

Productivity
The indicators are PP, CHL, and SST, which are manifested at a large (LME-wide) scale, are highly influenced by global
processes such as climate change, and usually cannot be managed on a decadal timeframe. They have cross-modular
effects that are very important for overall ecosystem productivity. However, as productivity and SST trends are not
linked consistently to environmental risks, these indicators give no clear indication of ‘good’ or ‘bad’ ecosystem state.
Changes can be beneficial or detrimental, depending on the context.

Primary productivity
A 16-year (1998 to 2013) time-series of satellite ocean colour data from NASA Goddard Space Flight Centre was used
to examine spatial trends in average levels of PP and CHL in LMEs and the WPWP. PP supports marine food webs and
can be related to the carrying capacity of marine ecosystems for supporting biodiversity and fisheries resources. High
primary productivity is generally regarded as beneficial except when stimulated by excessive nutrient loads, resulting
in phytoplankton blooms and subsequent low oxygen levels when these blooms decompose, resulting in problems
such as toxic algal blooms and fish kills. CHL data were also analysed for time trends over the past decade.
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Key messages
1.

2.

Most relatively high values of primary productivity in the global ocean are in coastal waters, within
LME boundaries. Across the entire global ocean, average annual primary productivity ranges over three
orders of magnitude, while it varies by one order of magnitude in the 66 LMEs and the WPWP (from
74 to 755 grams of carbon per m2 per year). Average chlorophyll concentrations show the same global
distribution pattern.
No large-scale, consistent pattern of either increase or decrease in chlorophyll was observed (2003 to
2013). There are 36 LMEs with increasing trends in chlorophyll (measured as chlorophyll a) and 31 with
decreasing trends. Trends are weakly correlated with latitude, and most are not statistically significant
(P<0.05).
• LMEs with significant increasing chlorophyll trends: Scotian Shelf, Patagonian Shelf, Labrador
Newfoundland, and Southeast Australian Shelf LMEs.
• LMEs with significant decreasing chlorophyll trends: Indonesian Sea, Oyashio Current, and CelticBiscay Shelf.

Sea surface temperature (SST)
The Earth’s climate has become substantially warmer since the 19th century, which has already had major effects
on marine ecosystems. Long-term consequences of global warming will be LME-specific, with the ongoing warming
beneficial for some LMEs, but detrimental for others. The United Kingdom Met Office Hadley Centre global climatology
data were used to construct long-term SST time series (1957 to 2012) in the 66 LMEs and WPWP. All but two LMEs
warmed between 1957 and 2012 (Summary Figure 6). Temperature change varied widely among different regions
and even between adjacent LMEs. The long-term warming between 1957 and 2012 was not steady in the majority of
LMEs. Instead, their thermal history consisted of alternating cooling and warming epochs, separated by regime shifts.

Summary Figure 6 Long-term sea surface temperature trends (net changes) in 66 LMEs, 1957–2012
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Key messages
1.

2.

Between 1957 and 2012, SST in all but two LMEs increased. SST change varied widely between regions,
from -0.28°C to +1.57°C in the 55 years.
• LMEs with highest rates of warming: East China Sea, Scotian Shelf, and Northeast US Continental
Shelf;
• LMEs that cooled over this period: Barents Sea and Southeast US Continental Shelf.
The LMEs with the largest increases in SST are mainly in three regions: Northwest Atlantic, eastern
North Atlantic, and the Western Pacific. LMEs with high rates of seawater warming:
• Northwest Atlantic: US Continental Shelf, Scotian Shelf, and Faroe Plateau LMEs;
• Eastern North Atlantic: Celtic-Biscay Shelf, North Sea, and Baltic Sea LMEs;
• Western Pacific: South China Sea, East China Sea, Yellow Sea, and Sea of Japan LMEs.

Fish and Fisheries
The status of fisheries
LMEs contribute the major proportion of global marine fisheries landings, about 75 per cent in recent times. Global
marine fisheries landings data for the period 1950 to 2010 (mainly from the Food and Agriculture Organization of
the United Nations, FAO) were regrouped to produce the annual catches by fish taxa for LMEs and the WPWP. The
resulting data were then used to evaluate a number of indicators, which are presented for each LME except the
Barents Sea and Norwegian Sea. Of these indicators, three are drivers or pressures: ratio of capacity-enhancing
subsidies to the value of landed catch (a measure of potential overfishing), fishing effort, and catch from bottomimpacting gear (a measure of potential habitat destruction). Five indicators relate to ecosystem state: ecological
footprint (measured as the ratio of primary production required to sustain fisheries landings reported by countries
fishing within the LME to the total primary production), Marine Trophic Index (MTI), Fishing-in-Balance (FiB) Index,
and number and catch biomass of exploited stocks. Projected change in catch potential by 2030 and 2050 under
global warming was also assessed.
While the LMEs rank very differently on different indicators, some of the indicators have relatively high values in
many LMEs as well as in the WPWP (‘high’ and ‘highest’ risk categories), as shown in Summary Table 2.

xxvii

LARGE MARINE ECOSYSTEMS: STATUS AND TRENDS

Subsidy to landed value

Ecological footprint (PPR/PP)

Marine Trophic Index

Fishing in Balance Index

Stock status (biomass) in
percentage

Per cent catch from bottomimpacting gear

Rate of change of effective
fishing effort (kW days per
year)

Per cent change in catch
potential in the 2050s

Summary Table 2 Subset of LMEs (with GEF-eligible countries) showing colour-coded risk categories for the
indicators

Gulf of California

0.14

0.04

-0.05

1.93

6.95

10.38

803,921

-8.34

Gulf of Mexico

0.11

0.06

0.06

0.67

44.21

27.46

9,651,794

-5.09

Pacific Central-American Coastal

0.09

0.05

-0.14

2.46

34.03

6.45

5,609,491

-3.57

Caribbean Sea

0.09

0.03

-0.37

0.38

25.27

19.56

8,419,253

-1.45

Humboldt Current

0.03

0.19

-0.58

1.87

9.67

1.79

8,218,267

-6.44

Patagonian Shelf

0.25

0.20

0.28

3.40

21.99

62.25

6,315,226

-5.63

South Brazil Shelf

0.29

0.05

0.24

1.80

31.89

47.60

3,782,796

-4.55

East Brazil Shelf

0.31

0.06

0.19

1.40

18.17

19.99

2,414,615

3.58

North Brazil Shelf

0.24

0.04

-0.02

1.48

14.39

43.12

4,244,746

-10.67

Mediterranean

0.14

0.14

-0.04

0.68

10.89

18.20

33,725,342

-14.53

Canary Current

0.17

0.18

-0.02

2.41

18.23

9.15

6,033,983

-4.30

Guinea Current

0.10

0.06

-0.03

1.72

17.98

15.63

15,474,117

-4.38

Benguela Current

0.19

0.13

0.43

1.81

60.05

11.00

-1,557,565

-0.01

Agulhas Current

0.11

0.06

0.58

1.81

15.01

13.24

10,971,939

11.64

Somali Coastal Current

0.08

0.01

0.07

0.92

22.94

4.13

3,756,822

14.60

Arabian Sea

0.31

0.17

0.03

1.78

10.50

17.11

24,329,676

-4.99

Red Sea

0.20

0.11

0.26

2.29

17.67

22.80

3,982,575

-7.65

Bay of Bengal

0.14

0.25

-0.03

2.13

7.04

11.63

128,945,675

2.43

Gulf of Thailand

0.17

0.46

0.41

2.55

7.68

25.51

7,759,858

-12.72

South China Sea

0.22

0.69

-0.02

1.65

9.04

22.22

10,415,054

-12.09

Sulu-Celebes Sea

0.31

0.44

-0.12

1.90

4.21

17.09

61,822,343

-6.11

Indonesian Sea

0.18

0.23

0.03

2.10

5.81

17.97

49,883,233

-26.75

East China Sea

0.31

1.24

-0.08

0.86

15.26

33.51

5,848,689

-15.90

Yellow Sea

0.26

0.95

-0.14

0.89

8.43

32.18

2,005,531

2.97

Kuroshio Current

0.48

0.23

-0.12

-0.20

60.35

24.03

9,498,713

2.32

Black Sea

0.12

0.06

-0.14

0.17

36.27

11.37

17,186,030

-0.10

LME name

Most of the LMEs with ‘highest’ risk scores for both driver/pressure and state indicators are in Asia. LMEs with the
highest average scores across all the fisheries indicators (except change in catch potential) are the Bay of Bengal
with the highest score, followed by the Sulu-Celebes Sea and Indonesian Sea. In developed regions, LMEs with the
highest average scores include the Celtic-Biscay Shelf, Mediterranean, and Northeast US Continental Shelf. LMEs with
lowest scores include those with limited commercial fishing activity (Beaufort Sea, East Siberian Sea, and Laptev Sea)
and the East Central Australian Shelf and Benguela Current. The WPWP shows similar trends to the average LME
trends for some indicators, but has experienced greater increases in certain indicators, including fishing effort. The
catch potential for the WPWP is projected to drop by 7 per cent by the 2050s. Catch data accounting for small-scale
fisheries (artisanal, subsistence, and recreational) at the national level are needed to improve the quality of the
indicators.
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Key messages
1.

2.

3.

4.

5.

6.

Sources of pressure and degree of risk to ecosystems from fisheries vary among LMEs, with implications
for management. Management approaches need to be tailored to the dominant sources of pressure.
All but two LMEs (the Laptev and Northern Bering-Chukchi Seas LMEs in the Arctic) and the WPWP
have high-scoring indicators, and nearly 80 per cent of LMEs have three or more of the nine indicators
in the ‘medium’, ‘high’ and ‘highest’ risk categories. There were, however, no consistent patterns in the
distribution or combinations of indicators with high risk scores.
Although the number of collapsed stocks in LMEs is increasing, the number of rebuilding stocks is
also increasing, an encouraging sign. Overall, 50 per cent of global stocks within LMEs are deemed
overexploited or collapsed, and only 30 per cent fully exploited. However, the fully exploited stocks still
provide 50 per cent of the globally reported landings, with the remainder produced by overexploited,
collapsed, developing and rebuilding stocks. This appears to confirm the common observation that
fisheries tend to affect biodiversity (as reflected in the taxonomic composition of catches) even more
strongly than they affect biomass (as reflected in the landed quantities).
The parts of LMEs that are under national jurisdiction should do better, as both domestic and foreign
fishing within Exclusive Economic Zones can be regulated by the coastal countries concerned. The
parts of LMEs that are beyond the EEZs of coastal states are subjected to a management regime that is
essentially open-access. A few countries are fully using the governance tools available to them to rebuild
overfished stocks and mitigate the impact of fishing and competition between local and foreign fleets in
their EEZs, and hence in the LMEs that they belong to.
The projected change in the productivity of marine living resources under climate change may have
significant implications for the fishing industries, economies, and livelihoods of many countries. This
is because climate change affects marine ecosystems and is expected to affect fisheries and a range
of other ecosystem services. The East Siberian Sea and Indonesian Sea LMEs are projected to be the
most affected by warming, with the largest decrease in fish catch potential by the 2050s. The projected
substantial decrease in the catch potential of certain LMEs due to global warming would cause these
regions to become more vulnerable as a result of other synergistic factors such as increasing fishing and
socio-economic pressures.
Fisheries and other statistics for LMEs are always uncertain composites and the indicators derived
here may not represent any specific country or policy. This is partly because countries do not report
fisheries data at the LME scale. In addition, countries bordering a specific LME may be rebuilding their
exploited stocks and have different fisheries policies that affect trends for the LME.
Accurate catch data needed for fisheries assessments are not available because the fisheries statistics
supplied by member countries to the FAO usually fail to account for small-scale fisheries. Catch
reconstruction data accounting for small-scale fisheries (artisanal, subsistence, and recreational) at the
national level are needed to improve the accuracy of LME catch time-series and hence the quality of the
indicators.

Fishery production potential of LMEs: A prototype analysis
Updated estimates of global fishery production potential from marine fisheries are provided to place the prospects
for meeting increasing human needs for protein and essential micronutrients into context. Estimates of fishery
production potential for LMEs were determined using a prototype model of energy flow in fishery systems and
satellite-based estimates of primary productivity. The overall potential annual yield is approximately 140 to 180
million tonnes for the benthivore, planktivore, and piscivore functional groups, and approximately 50 million tonnes
of benthic organisms if up to 10 per cent of the benthic production is suitable for harvest. Fisheries exploitation rates
should not exceed 25 per cent of available production in order to be sustainable. This prototype analysis is illustrative
and further work is needed to refine these figures.
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Key messages
1.

2.

As a rule of thumb based on our preliminary analysis and the literature, fisheries exploitation rates
should not exceed 25 per cent of available production in order to be sustainable, and in some systems
even lower rates are warranted. The determination of a harvest reference level is critical for estimating
fishery production potential. In the past, assumptions that 50 to 70 per cent of production at a defined
mean trophic level could be extracted led to risk-prone decisions. Standard reference points have not
been fully established to guide overall policies for marine ecosystems.
Ecosystem exploitation rates vary among functional groups and are highest for fish at high trophic
levels. Exploitation rates for benthos (bottom-dwelling organisms) are uniformly low. This reflects the
generally low level of landings reported for benthos relative to other ecosystem components. Species
that prey on benthos and those that eat plankton exhibit generally low to moderate exploitation rates,
typically less than 20 per cent of estimated production. Relatively high exploitation rates were observed
for species that prey on fish, in some cases exceeding the estimated level of available production.

Pollution and Ecosystem Health
Pollution
Indicators assessed are floating micro- and macro-plastic debris, concentration of persistent organic pollutants (POPs)
in beached plastic resin pellets, and nutrient input to coastal areas from watersheds. Land-based, and, to some
extent, sea-based human activities accompanied by irresponsible human behaviour and weak governance are among
the major drivers for these issues. Increase in the use of plastics, use of persistent chemicals including pesticides, and
application of agricultural fertilizers and release of untreated sewage, among others, have resulted in high levels of
these substances in some LMEs, especially those with high coastal human populations. These substances can affect
the ecological status of marine ecosystems, impairing their health and that of living marine resources, and in some
cases can result in harmful consequences for humans.

Floating plastic debris
Since the 1950s there has been an almost exponential increase in the use of plastics. A proportion of the plastic
entering one LME is likely to be transported by wind and currents into an adjoining LME or the open ocean, making
plastic pollution a classical transboundary issue. The relative abundances of floating micro-plastics (less than 4.75
mm in diameter) and macro-plastics (more than 4.75 mm in diameter) in each LME were estimated through a model
that uses coastal population density, shipping density, and the level of urbanization within major watersheds, to
develop proxy sources of plastics. The modelled estimates of floating plastics, which are in broad agreement with
observational data from shipboard measurements and shoreline surveys, vary by more than four orders of magnitude
between the lowest value (Antarctic LME) and the highest (Gulf of Thailand LME). Slightly over half of the LMEs with
the ‘highest’ abundances of floating plastics are in east-southeast Asia (Summary Figure 7).
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Summary Figure 7 Spatial distribution of the relative abundance of floating macro-plastics in 66 LMEs, based on model estimates

Key messages
1.

2.

3.

Many of the LMEs with high to highest relative abundances of floating plastics are located in eastsoutheast Asia, with the Gulf of Thailand LME having the highest abundance of both micro- and
macro-plastics. Other LMEs with highest abundances of both size categories of floating plastics are
the Southeast US Continental Shelf, Mediterranean Sea, Red Sea, Bay of Bengal, South China Sea, SuluCelebes Sea, Indonesian Sea, Southwest Australian Shelf, East China Sea, and Kuroshio Current LMEs.
Plastics enter the marine environment from a wide variety of land-based and sea-based activities,
and there are few reliable or accurate estimates of the nature and quantities of material involved.
This poses difficulties in designing and implementing cost-effective measures to reduce inputs to LMEs.
In most cases, solutions will need to be multi-agency, multi-sector, and trans-national to be effective.
While the estimates of plastic concentrations derived from modelling are imperfect, they provide
information for focusing efforts to improve predictive capacity, assess potential socio-economic
consequences, and target mitigation measures. Further improvement to these model estimates should
be made if data become available on key sources of plastics (such as fishing, aquaculture, and coastal
tourism, which are not accounted for in the current model) and on actual quantities of plastics entering
the ocean and how this may be influenced by the level of economic development in different countries.

Pollution status of persistent organic pollutants in coastal waters
Three classes of POPs – polychlorinated biphenyls (PCBs), dichlorodiphenyltrichloroethane and its metabolites
(DDTs), and hexachlorocyclohexane isomers (HCHs) – were assessed, based on their concentrations in plastic resin
pellets from 193 locations in 37 LMEs. Pellets were collected by volunteers through the International Pellet Watch
(IPW) Programme between 2005 and 2014 and analysed for POPs. POPs were detected in all the samples, including
those from remote islands. Background levels of each class of POPs were established using pellets collected from
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remote islands and were used as cut-off concentrations for the lowest risk category. POPs levels are highly variable
within each LME. Several LMEs show relatively high contamination levels for multiple POPS (‘medium’ risk and
above), and a number of hotspots were found (‘high’ and ‘highest’ risk). ‘Highest’ concentrations of PCBs and ‘high’
levels of DDTs were found in the South Brazil Shelf LME. Other LMEs with ‘highest’ or ‘high’ levels of these two POPs
classes are the California Current, Mediterranean, and Kuroshio Current. ‘High’ levels of HCHs were observed in the
Southeast Australian Shelf and Benguela Current LMEs. In some areas, such as in Mozambique and South Africa
(Agulhas Current LME), and Ghana (Guinea Current LME), significant decreases in HCH concentration were observed,
which may indicate the effective regulation of HCHs by the Stockholm Convention on POPs.

Key messages
1.

2.

3.

Several POPs hotspots were identified, indicating a need for follow-up action. For example, remedial
action such as dredging and/or capping of bottom sediment should be considered where hotspots of
PCBs and DDTs have been identified and attributed to contamination of the water column through
release of POPs from contaminated bottom sediments.
• PCB hotspots: In five LMEs of Western Europe, two along US coasts, and one along the coast of
Japan. While these may be legacies of past PCB use, increasing levels were also observed in LMEs
along the coasts of more recently industrialized countries, including Brazil, Chile, and South Africa.
• DDT hotspots: In the California Current LME, Durres (Albania) in the Mediterranean LME, and Ghana
in the Guinea Current LME. Moderate to high levels of DDTs are found in 20 widely distributed
LMEs, probably due to widespread application of DDT before it was banned in the 1980s.
Results from some LMEs indicate current or recent use or release of banned POPs. This is indicated by
levels of:
• PCBs in some developing countries (Ghana in the Guinea Current LME and the Philippines in the
Sulu-Celebes Sea LME). These findings point to a need for better source control, such as improved
management and regulation of electronic waste;
• DDTs in the South China Sea, Brazil, Ghana, Athens and Sydney. DDT use in malaria control may
account for the elevated levels in some tropical and subtropical regions, whereas illegal application
of DDT pesticides and antifouling agents may be the cause in other regions;
• HCHs, with further analyses of the isomers present indicating that illegal use of lindane, a pesticide
that is banned for agricultural use, may be responsible for elevated HCHs in pellets from some
Southern Hemisphere sample sites, including in Mozambique and South Africa (Agulhas Current
LME) and in the New Zealand Shelf LME, as well as along the French coast in the Celtic-Biscay Shelf
LME.
The International Pellet Watch programme serves as a sentinel to assess the status of POPs in coastal
waters and identify pollution hotspots – but other POPs monitoring is also needed. The IPW data set
would be improved by additional spatial coverage, as data are sparse for some LMEs and missing for
others. Time-series sampling of POPs in LMEs is needed to detect trends, evaluate the effectiveness
of regulation, and identify emerging pollution sources. Conventional monitoring of POPs in sediments,
water, and biota should be conducted in hotspots to confirm the pollution levels and identify the types
and sources of pollution so that mitigation actions can be undertaken.

Nutrient inputs from rivers to LMEs
Among the major anthropogenic sources of river nutrient loading are runoff from fertilizer use and livestock
production, sewage, and atmospheric nitrogen deposition. Excess nutrients – nitrogen (N), phosphorus (P), silica
(Si) – entering coastal waters (eutrophication) can result in algal blooms, leading to reduced oxygen conditions,
increased turbidity, and changes in community composition, and threats to human health, among other effects.
A combined indicator of coastal eutrophication, based on two sub-indicators (N loading rate, which is the amount
of nitrogen carried by rivers as they enter the LME, and ratio of dissolved Si to N or P), was developed for 63 LMEs
for contemporary (approximately 2000) conditions and for one future scenario for 2030 and 2050 using the Global
NEWS (Nutrient Export from Watersheds) model results (Summary Figure 8). Although the majority of the LMEs are
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in the ‘lowest’ or ‘low’ risk categories for coastal eutrophication, a number are at ‘high’ or ‘highest’ risk, including the
Gulf of Mexico and several LMEs in Western Europe and southern and eastern Asia. Furthermore, the risk for coastal
eutrophication will increase in many LMEs by 2050 based on current trends. There can be considerable variation
within an LME in the nutrient yields, coastal eutrophication potential, and N sources, as shown by the sub-LME-scale
assessment for the Bay of Bengal (Summary Figure 9).
Summary Figure 8 Merged nutrient risk categories for LMEs for a) 2000, b) 2030, and c) 2050/0(1(:6%DVLQVVKRZQRQWKH
PDSVDUHWKHZDWHUVKHGVXVHGIRUPRGHOOLQJQXWULHQWLQSXWVZLWKWKH1XWULHQW([SRUWIURP:DWHUVKHGV 1(:6 PRGHO
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Summary Figure 9 Dissolved inorganic nitrogen (DIN) yield, Index of Coastal Eutrophication Potential (ICEP), and sources of
DIN in river basins draining to the Bay of Bengal LME. $GHWDLOHGDQDO\VLVRIWKHZDWHUVKHGVGUDLQLQJWRWKH%D\RI%HQJDO/0(
LOOXVWUDWHVWKHVSDWLDOYDULDWLRQLQQXWULHQWORDGVUDWLRVDQGVRXUFHVRIQXWULHQWV7KHGRPLQDQFHRIIHUWLOL]HUDQGPDQXUHLQPDQ\
RIWKHVHEDVLQVDVVRXUFHVRIGLVVROYHGLQRUJDQLFQLWURJHQLVHYLGHQW
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Key messages based on the combined nutrient indicator
1.

2.

3.

4.

Coastal eutrophication is associated with large urban populations and intense agricultural production
that has high fertilizer use and/or large numbers of livestock. Of the 63 LMEs assessed, 16 per cent are
in the ‘high’ or ‘highest’ risk categories for coastal eutrophication. They are mainly in Western Europe
and southern and eastern Asia, and the Gulf of Mexico. Most LMEs, however, are in the ‘lowest’ or ‘low’
risk category.
In many watersheds around the world, nutrient loads in rivers are projected to increase as a result of
increasing human activities. Based on current trends, the risk of coastal eutrophication will increase in
21 per cent of LMEs by 2050. Most of the projected increase is in LMEs in southern and eastern Asia, but
also in some in South America and Africa. Only two LMEs (Iberian Coastal and Northeast US Continental
Shelf) are projected to lower their coastal eutrophication risk by 2050.
To reduce current and future risks, reductions in nutrient inputs to specific watersheds are required.
This can include increased nutrient-use efficiency in crop production, reduction in livestock and better
management of manure, and increased treatment level of human sewage.
Analysis at the sub-LME scale is needed to identify sources and spatial variations of nutrients in
order to develop effective nutrient reduction strategies. Nutrient yields, eutrophication potential, and
sources of nitrogen can vary considerably within an LME, as shown by a study of the Bay of Bengal LME.

Ecosystem Health
Marine ecosystems in general, and coastal ecosystems in particular, experience a wide range of stressors associated
with human activities as well as natural variability. Under the Ecosystem Health sub-module, the assessment examined
the extent and drivers of change in mangroves, extent of and risks to coral reefs, cumulative human impacts in
LMEs, and the Ocean Health Index (OHI). A widely-implemented response to protect these valuable habitats is the
establishment of marine protected areas (MPAs). Increase in MPAs since the 1980s was assessed.

Extent of mangroves and drivers of change
Thirty-three LMEs and the WPWP contain mangroves, which, over the past century, have experienced extensive loss
and degradation from pressures that are both local and global. Results of Delphi-type (iterative) surveys with regional
experts highlight the relative importance of key drivers of mangrove loss in different regions worldwide, as well as
likely future trends. While overexploitation for timber, fuel wood, and charcoal has the greatest impact on mangrove
loss, the most widespread driver of mangrove loss is coastal development, and its impact is projected to increase
in almost all regions. The relative impact of the different drivers is highest and increasing in Southeast Asia. A first
global baseline of mangrove extent in LMEs and the WPWP, based on the US Geological Survey’s Global Distribution
of Mangroves data set, is also presented. The Bay of Bengal LME has the largest area of mangroves (more than 19
000 km2) while only 0.003 per cent (410 km2) of the WPWP, whose area is almost 3.5 times greater than any of the
LMEs, is covered by mangroves.
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Key messages
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About 20 per cent of total global mangrove area was lost between 1980 and 2005 due to human
activities including coastal development, aquaculture expansion, and timber extraction. The impact
of coastal development has widespread, and increasing, importance. The impact of climate change on
mangroves is largely unknown, but is projected to increase.
Mangrove habitat continues to decline at an estimated 1 per cent per year; actual rates and key drivers
of loss vary between regions. Overexploitation for timber, fuel wood, and charcoal is the main driver of
mangrove loss, in particular in Africa and South and Southeast Asia, although the future impacts of this
driver are largely unknown.
Due to the high rates of mangrove deforestation in many areas, current calculations probably
overestimate the extent of mangrove cover. Future mangrove assessments in LMEs can be improved
by using more recent data on mangrove coverage as a baseline and by more frequent ground-truthing,
which will also allow change in coverage to be estimated. Assessments of the impacts of key drivers of
mangrove loss would benefit from the incorporation of surveys from a larger number of experts and at
the LME scale.

Coral reefs at risk
Twenty-four LMEs and the WPWP contain coral reefs, which are one of the most endangered habitats on the planet
as a result of pressures that include warming seawater, ocean acidification, pollution, overfishing, and extraction.
This first assessment of the threats faced by coral reefs within LMEs and the WPWP used the Global Distribution of
Coral Reefs 2010 and the Reefs at Risk Revisited data sets. Coral reefs were assessed using an integrated threat score,
incorporating local threats (from overfishing and destructive fishing, coastal development, pollution, and damage)
and a global threat score (incorporating warming sea temperatures and ocean acidification projected to 2030 and
2050). Several LMEs were found to have reefs facing high levels of integrated local threats (Summary Figure 10). The
Summary Figure 10 Risk from integrated local threats for LMEs containing coral reefs and the WPWP
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percentage coral cover estimated as facing ‘high’ or ‘highest’ risk from integrated threats increases substantially if
past thermal stress is included. Ocean warming and acidification will further increase threat to coral reefs in the
future (Summary Figure 11). The Northeast Australian Shelf LME (which includes the Great Barrier Reef) has the
largest extent of coral reef (2.83 per cent of its area), followed by the Indonesian Sea LME (2.66 per cent).
Summary Figure 11 Projected proportion of LMEs and WPWP coral reef area by threat level for global threats (warming and
acidification) by a) 2030 and b) 2050

	
  
Key messages
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One quarter of LMEs have more than 50 per cent of their coral reef area under ‘high’ to ‘highest’ threat
from local, present-day threats. Overfishing and destructive fishing practices are of greater threat to
coral reefs than coastal development and marine pollution.
• LMEs with high local, present-day threats: Somali Coastal Current, Kuroshio Current, Sulu-Celebes
Sea, East China Sea, and others.
• LME with lowest level of local threats to coral reefs: North Brazil Shelf.
Ocean warming and acidification is projected to increase the threats faced by coral reefs. By 2030,
over 50 per cent of coral reefs are projected to be at ‘high’ to ‘critical’ risk, increasing to almost 80 per
cent by 2050. By 2050, only four LMEs are projected to have any reef area left at ‘low’ threat.
• Conditions may be particularly severe in the Gulf of California and Kuroshio Current LMEs.
Implementing measures such as marine protected areas may enhance ecosystem resilience in the
face of increasing global threats. The extent of the negative impact on coral reefs will depend on
their resilience, as well as on measures to manage and protect them and their associated biodiversity.
Multiple local threats are likely reduce the ability of coral reefs to respond and adapt to ocean warming
and acidification.
Monitoring coral reef health is important for assessing the impacts on this threatened ecosystem
from both local and global threats. The Reefs at Risk indicator is not a direct measure of coral reef
condition. Monitoring coral reef health by tracking, for example, species diversity, algal cover, and live
coral cover, provides information needed to understand the extent and nature of impacts from the
identified threats.
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Change in extent of marine protected areas (MPAs)
Aichi Target 11 of the Convention on Biological Biodiversity aims to effectively conserve 10 per cent of the world’s
coastal and marine areas by 2020. The first estimate of the change in area of the world’s MPAs in LMEs and the
WPWP was developed using the latest version of the World Database on Protected Areas. In 1983 five LMEs did
not contain MPAs (Gulf of California, Northwest Australian Shelf, West Central Australian Shelf, Faroe Plateau, and
Central Arctic). This decreased to two LMEs with no MPAs by 2014 (Faroe Plateau and Central Arctic).

Key messages
1.

2.

The continuing designation of MPAs in recent decades has led to a 15-fold increase in global MPA
extent between 1983 and 2014. The total extent of protected areas with marine components increased
from about one-third of a million km2 in 1982 to more than 5 million km2 in 2014. The increase in global
MPA extent indicates progress towards the CBD’s target to conserve 10 per cent of the world’s coastal
and marine areas by 2020 – it is currently about 2.3 per cent.
• LMEs with the highest percentage change in area of MPAs include three Australian Shelf LMEs, Gulf
of California and Red Sea;
• LMEs with the lowest percentage change include the Arctic LMEs: Beaufort Sea, Canadian High
Arctic-North Greenland, and Northern Bering-Chukchi Seas.
Monitoring the effectiveness of designated MPAs and analysing how increasing coverage relates to the
conservation of ocean biodiversity and productivity remain of high importance. This type of analysis
cannot be based only on the distribution of MPAs because countries vary in their interpretation and
classification of MPA types, and also in the degree of implementation and enforcement of protection
measures. Distribution of MPA coverage does, however, indicate areas where potential threats to marine
biodiversity may be reduced by the creation of new MPAs.

Cumulative human impacts (CHI)
Marine ecosystems in general, and coastal systems in particular, experience multiple stressors associated with
human activities, which impact systems cumulatively and with a combined impact that is always greater than
that of the individual stressors. These stressors fall into four main categories: climate change, commercial fishing,
land-based pollution, and commercial activity (such as shipping). Assessing and mapping the cumulative impact of
human activities on marine ecosystems provides a unique perspective and understanding of the condition of marine
regions and of the relative contributions of different human stressors. This assessment draws on data from a variety
of sources that provide globally consistent outputs for 19 stressors and 20 marine habitats. Scores for individual
stressors and for CHI were calculated by averaging the per-habitat scores for each 1 km2 pixel within the area of each
LME and the WPWP. In general, LMEs adjacent to heavily populated coastlines, particularly in developed countries
that encompass large watersheds, have the highest impact scores (highest risk levels), while polar regions have the
lowest scores (Summary Figure 12). The average CHI score of the WPWP places it at the medium risk level.

Key messages
1.

2.
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Stressors associated with climate change, most notably ocean acidification and increasing frequency of
anomalously high sea-surface temperatures, are the top stressors for nearly every LME. However, this
result emerges partly from the scale of the assessment. At smaller scales, particularly along coastlines,
many other stressors, such as land-based pollution and fishing, play a dominant role.
Commercial shipping and demersal commercial fishing are the other two main stressors at the scale of
LMEs. Stressors associated with these activities tend to affect different parts of the ecosystem, so that
where they overlap, cumulative impacts are likely to directly affect the entire food web.
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3.

4.

In general, LMEs adjacent to heavily populated coastlines, particularly in developed countries that
encompass large watersheds, have the highest impact scores.
• The most heavily impacted LMEs are adjacent to China and Europe. The most impacted regions also
contain most of the highest cumulative impact scores based on assessments at scales smaller than
LMEs, indicating a need to improve ecosystem conditions in these regions.
• The least impacted LMEs are in polar and subarctic regions. However, this assessment does not
include projected impacts. Climate change and other human stressors are projected to lead to a
rapid increase in polar LME impact scores in the near future.
Efforts to manage marine ecosystems at the scale of LMEs will require coordination not only among
countries bordering the LME but also among sectors. Coordination at the sector scale is critical to
successful management because the key stressors are global in nature, and are therefore beyond the
scope of what can be identified and addressed through single-sector management. Cumulative human
impact assessments provide a tool for transparently and quantitatively informing such policy processes
and decisions.

Summary Figure 12 Cumulative human impact risk categories of LMEs and the WPWP

Ocean Health Index
The Ocean Health Index (OHI) measures the performance of ten widely-agreed public goals for healthy oceans,
including food provision, carbon storage, coastal livelihoods and economies, and biodiversity. The OHI highlights
the relative performance of different human values and goals for the ocean, and can help elucidate where and why
trade-offs among goals may occur under different management actions. Each goal is assessed against an ideal state,
defined as the optimal and sustainable level that can be achieved for the goal. Nearly 80 different global data sets
spanning ecological, social, economic, and governance measures were used for the OHI assessment. OHI scores
for the 66 LMEs ranged from 57 to 82 out of 100, with two-thirds of all LMEs scoring between 65 and 75 (average
70.6). The lowest-scoring LMEs were along the equator, in particular in western Africa, while the highest scores were
around Australia and in the sub-polar North Atlantic (Summary Figure 13). The OHI was compared for the years 2012
to 2014. For nearly three-quarters of all LMEs the scores remained unchanged or improved since the previous year,
although several others had significant declines in overall index scores.
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Summary Figure 13 Ocean Health Index risk category by LME

Key messages
1.

2.
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4.
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Nearly all the LMEs that lie along the equator have low OHI scores and are thus in the ‘highest’ risk
category. This indicates that priority should be given to improving the health of the ocean in these regions.
• LMEs in the ‘highest’ risk category: Agulhas Current; Gulf of California; South China Sea; SuluCelebes Sea; Pacific Central-American Coastal; Arabian Sea; Benguela Current; Bay of Bengal;
Caribbean Sea; Red Sea; Somali Coastal Current.
Tracking how scores for the ten goals contribute to the OHI score for each LME provides insights
into which goals drive overall ocean health and which parameters are in most need of improvement.
Examples:
• For nearly all LMEs, food provision could be improved by increasing the sustainable harvest of fish
and the sustainable production of seafood through mariculture. Achieving these outcomes would
have important benefits for food security and local economies.
• Overall ocean health tends to score lower where coastal habitats are degraded or destroyed.
Habitat restoration and protection offers a key way to improve ocean health. Coastal habitats play
a key role in protecting coastal communities, storing carbon to help mitigate climate change, and
supporting biodiversity.
The use of the OHI together with measures of cumulative human impacts provides added insights on
conditions in LMEs and can inform management of transboundary issues. Examples:
• High cumulative human impacts and low OHI scores (China and Southeast Asia) indicate heavy
human use leading to degraded ocean health; managing to reduce human impacts should improve
overall ocean health.
• High cumulative human impacts and high OHI scores (North and Norwegian Seas) indicate high
impact translating into sustainable delivery of ocean health benefits; managing to reduce human
impacts would improve ecological conditions but not necessarily overall ocean health.
Improving data-reporting standards for all UN member states would improve assessments of ocean
health and improve decision making based on those assessments. In addition, many aspects of ocean
health remain poorly monitored, hindering the tracking of ocean health across space and through time.

TECHNICAL SUMMARY

Identifying patterns of risk among LMEs using multiple indicators
Single indicators or indices provide valuable information on LME condition and drivers of change. However, triggers
of risk are usually multiple factors, which may be some combination of biophysical, socio-economic, or governancerelated. Groups of LMEs were identified based on their similarities across a suite of eleven multivariate indicators
(from the Fish and Fisheries, Pollution and Ecosystem Health, and Socio-economics modules) assessed in other
chapters of this report. Only indicators that could clearly distinguish between ‘poor’ status and ‘good’ status are used,
thereby eliminating the indicators in the Productivity module from this multivariate analysis. The LMEs were grouped
into six clusters based on the selected indicators using clustering and ordination techniques. Shipping pressure and
coastal rural populations were most important in separating the LMEs, followed by demersal non-destructive low
bycatch fishing and catch from bottom-impacting gear types, then by pressures due to capacity-enhancing fisheries
subsidies and floating plastic debris.
Because the statistical techniques used only group LMEs and do not rank them in any order, a separate risk analysis
(Summary Figure 14) was computed, based on average normalized values of the selected indicators from the Fish
and Fisheries and Pollution and Ecosystem Health modules. The Human Development Index (HDI) was used as a
weighting factor in determining an overall TWAP risk score for each LME, based on the assumption that LMEs with
lower socio-economic development levels (low HDI) will be at higher risk for the same levels of environmental status
as those with higher human development levels, and vice versa. LMEs with developing economies in Africa and Asia
show highest risks in terms of coastal eutrophication and plastic litter density, and high risks from collapsed and
overexploited fish stocks. LMEs such as the Somali Coastal Current, the Bay of Bengal, and the Sulu-Celebes Sea are
at ‘highest’ risk, while the Caribbean Sea and Mediterranean LMEs are in the ‘high’ risk category. LMEs along the
coast of developed nations are impacted by risks from high shipping frequencies, high capacity-enhancing fisheries
subsidies, and from the high levels of use of bottom-impacting fishing gear and pelagic and demersal low-bycatch
gear. LMEs with mainly rural coastal areas in developed countries, such as the East Siberian Sea, or LMEs surrounded
by developed countries with the most-frequented shipping routes, make up the ‘medium’ risk category. The coastal

Summary Figure 14 TWAP risk scores by LME. Scores are the averaged normalized indicator values for the Fish and Fisheries
module (for all LMEs except the Barents Sea and Norwegian Sea) and the Pollution and Ecosystem Health module (all LMEs),
weighted by the Human Development Index.
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waters of the US and Canadian LMEs are rated ‘low’ risk, and the Australian and New Zealand Shelf LMEs are assessed
as ‘lowest’ risk. All LMEs, except those around the coast of Australia, the Red Sea, and the Gulf of California, are at
risk because of low proportion of MPAs. Results relate to the scale of the entire LME and do not reflect on any
individual country’s management of its coastal waters. Patterns may change as more spatial data specific to the LMEs
become available and depending on the weighting factors used.

Key messages
1.

2.

3.
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Socio-economic development has a strong influence on the ranking of LMEs by overall risk. Based on
the 11 indicators used in this analysis:
• LMEs with developing economies show highest risks from coastal eutrophication and plastic litter
density, and moderate to high risks from collapsed and overexploited fish stocks;
• LMEs along the coasts of developed nations have lower overall risk scores but may be at risk from a
combination of high shipping frequencies, high capacity-enhancing fisheries subsidies, high use of
bottom-impacting fishing gear, and from pelagic and demersal low-bycatch fishing pressure.
Grouping the LMEs by similarities in multiple indicator values and ranking the LMEs by overall risk
scores provides insight into patterns of risk. Some patterns identified:
• The clustering of LMEs by similarities in the 11 indicator values does not broadly correspond with
the LME risk ranks. The exception is the Australian shelf LMEs, which are all in cluster 3 and all
ranked in the ‘lowest’ risk category;
• LMEs bordered by developing countries in Africa and Asia (in clusters 1 and 4), are rated as ‘highest’ risk;
• LMEs in developed countries with either mainly rural coastal populations or the most-frequented
shipping routes (found in clusters 1 and 6) make up the ‘medium’ risk category;
• The coastal waters of the US and Canadian LMEs (in clusters 1, 5, and 6) are rated ‘low’ risk, and the
Australian and New Zealand Shelf LMEs are assessed as ‘lowest’ risk.
Weak points and gaps in the assessment are identified and recommendations provided for improving
assessment of transboundary water systems. The multivariate and risk-scoring techniques used provide
complementary approaches to delineating LMEs at risk, through the simultaneous use of multiple
indicators that measure biophysical, socio-economic, and governance pressures and states. These
analyses constitute a Level 1 assessment for which the use of data sets with global spatial coverage is a
priority. A Level 2 assessment, which focuses on transboundary environmental issues, would make use
of more finely resolved indicators and evaluations, which could include:
• spatially explicit and time-varying indicators that address gaps in the conceptual frameworks used
in this report and provide an indication of trends in status;
• metrics that address changes in ecosystem services due to climate and societal pressures and their
impact on livelihoods and ecosystems;
• improvements in the scale and quality of reporting of fisheries data, and improvement of the
techniques for evaluating the status and trends of global fisheries biomass;
• incorporation of economic considerations into metrics for pollution and ecosystem health;
• assessment of how changes in land use and land cover influence material flows from land to sea,
and how they may cause modifications in the structure and functioning of marine food webs;
• tools and indicators such as poverty maps for coastal and inland areas, and regionalized inputoutput models that track the response of marine industries to changes in climate and governance;
• finer-scale alternatives to the use of the HDI (a national metric);
• evaluation of governance performance to complement the current indicators of government
architecture.

TECHNICAL SUMMARY

Conclusion
The patterns of risk among LMEs based on single indicators and on analyses of multiple indicators from both the human
and natural systems highlight which LMEs are at highest potential risk of degradation, what the contributing factors are,
and where human dependence on LME goods and services and vulnerability to LME degradation and natural phenomena
are greatest. Results show that in general LMEs in developing regions are at highest potential risk. However, LMEs are
impacted to different degrees by each issue assessed, and the factors accounting for high risk vary across LMEs. These
factors are mainly localized, but global threats (warming seas and acidification) are projected to play an increasing role
in LME condition. Furthermore, under a business-as-usual scenario, risks levels in a number of LMEs are projected to rise
due to factors such as increasing nutrient inputs from watersheds and increasing coastal human populations. While the
assessment focuses attention on LMEs at relatively high risk, those at low and moderate risk levels should not be ignored,
since appropriate actions are necessary to ensure that the risk levels in these LMEs do not increase.

Future TWAP LMEs assessments
The second objective of the current TWAP project was to formalize a partnership with key institutions, aimed
at incorporating transboundary considerations into regular assessment programmes and leading to periodic
assessments of transboundary water bodies. The current Working Group of institutional partners and experts is the
foundation for a formal partnership for future LMEs assessments, and other partners will be identified for future
assessments. The potential mechanisms for sustaining the TWAP LMEs assessment are described in the TWAP LMEs
Sustaining Mechanisms document (onesharedocean.org). Future assessments will require improvements in data and
in maintaining and sustaining the current data portal as new data and information become available.
In order to develop appropriate management strategies for an LME, information at the sub-LME scale may be
needed, depending on the issue to be addressed. Future TWAP LMEs assessments should therefore incorporate
Level 2 assessments and include more in-depth analysis to identify cause and effect. Additional indicators can also
be assessed, depending on the priority issues in specific LMEs and data availability. Future assessments should also
include an evaluation of the performance of governance arrangements for transboundary issues.
TWAP LMEs assessment will greatly benefit from strengthening the capacity at national and regional levels
for conducting assessments and for applying the results in developing management strategies for addressing
transboundary issues in LMEs. Mechanisms to facilitate capacity strengthening include the GEF LME-Learn project
and the LME community of practitioners. In addition, closer engagement with relevant regional stakeholders will be
an important exercise to ensure that the assessment meets their needs for information to manage their respective
LMEs and to promote the acceptance and uptake of the assessment results.
The sustainability of TWAP LMEs assessments will depend to a large extent on the availability of adequate financial
resources. Potential mechanisms for financing future assessments are discussed in the Sustainability Mechanisms
document, available at onesharedocean.org.
More information is available online at onesharedocean.org.
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