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Human cumulative impacts on 20 types of oceanic
ecosystems - alarming situation
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Ocean Health Index shows problems and opportunities
(not used resources or ecosystem services)

Halpern et al. (2012)

framework to assess ocean health and motivate better data collection
to strengthen future iterations of the index.

In developing the index we addressed six major challenges (see
Supplementary Information for further details): (1) identify a modest
number of widely accepted goals to assess ocean health and benefits at
any scale; (2) develop models that measure, with reasonable accuracy,
how well each goal is achieved; (3) define robust reference points for
each model; (4) incorporate sustainability into the index; (5) ensure
that the index is responsive to real differences and changes in ocean
health and benefits; and (6) allow flexibility to adapt to constraints (or
future improvements) of data availability, quality and quantity.
Although the index can be implemented at any scale, here we focus
on global and exclusive economic zone (EEZ) scales.

State of the global ocean
The index score for the ocean within EEZ boundaries is 60 out of 100,
providing an important benchmark and indicating substantial room
for improvement throughout the index’s portfolio of ten public goals
(Fig. 1). Because EEZs include nearly all continental shelf area and
produce the vast majority of food, natural resources, recreation,
livelihoods and other benefits to humans18, this assessment captures
most of the concerns of the public, policy makers and resource
managers. High seas areas may be added as data become available.

Index scores varied greatly by country, ranging from 36 to 86, with
many West African, Middle Eastern and Central American countries
scoring poorly, and parts of Northern Europe, Canada, Australia,
Japan and various tropical island countries and uninhabited regions

scoring highly (Fig. 2 and Supplementary Table 27). Of all EEZs, 32%
had an index score ,50 whereas only 5% had a score .70. Developed
countries tended to score higher than developing countries; index
scores are significantly correlated with the Human Development
Index26, an independent measure of development status (r 5 0.57,
P , 0.0001, n 5 141; Supplementary Fig. 8). This is because developed
countries tend to have stronger economies, better regulations and
infrastructure to manage pressures, and greater capacity to pursue
sustainable resource use. Yet some developed countries such as
Poland and Singapore scored poorly (index score of 42 and 48,
respectively), with low scores for several goals (Fig. 3), whereas
developing countries like Suriname (index 5 69) and Seychelles
(index 5 73) scored relatively well because many goals had very high
scores (Supplementary Table 27). Individual goal scores varied
markedly within and among countries, in turn driving index scores,
as illustrated by the United States, China and Poland (Fig. 3).

Three key points affect the interpretation of index scores. First,
results for individual goals may seem counterintuitive because we
assessed ocean health through the lens of coupled human–natural
systems. For example, extractive goals such as ‘natural products’ score
best when harvest levels are high but sustainable, with inherent impacts
on nature captured as pressures on other goals. Furthermore, a com-
posite picture of ocean health across multiple goals may not match
expectations based on the status of an individual goal. Many goals
scored low globally, in particular ‘food provision’, ‘natural products’
and ‘tourism and recreation’ (all ,50; Fig. 2 and Supplementary
Table 27), whereas other goals scored higher (.75), including ‘carbon
storage’, ‘clean waters’ and ‘biodiversity’. Conclusions based on a single
goal will deviate from those derived from the index’s portfolio assess-
ment. For example, Russia scored very low for ‘food provision’ and
‘natural products’ and very high for ‘clean waters’ and ‘biodiversity’,
and had an overall index score of 67 (Fig. 3). Because detailed produc-
tion function models currently do not exist for most goals, it is difficult
to know if differences in goal scores are due to direct trade-offs among
goals, poor management of low-scoring goals, poorer quality data for
some goals, or reference points that are not directly comparable among
goals. However, trade-offs probably occur among many goals, such that
simultaneously achieving perfect scores on all goals would be difficult.

Second, the index represents the health of coupled human–natural
systems. This portfolio includes goals that tend to be more highly
valued by preservationists and non-extractive users—protecting places
where biodiversity can flourish (existence value) and preserving a
sense of place (cultural or aesthetic values)—and also those valued
more highly by extractive users—providing food and natural resources.
Jarvis Island, an uninhabited, relatively pristine location, received the
highest score (index 5 86) because many extraction-based goals are not
applicable and the island is afforded a high level of protection, whereas
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Figure 2 | Map of index and
individual goal scores per country.
All waters within 171 exclusive
economic zones (EEZs), that is, up to
200 nautical miles, were assessed and
are represented on the map. See
Supplementary Table 24 for details
and Supplementary Fig. 2 for
sub-goal maps. NA, not available.
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Figure 1 | Conceptual framework for calculating the index. Each dimension
(status, trend, pressures and resilience) is derived from a wide range of data.
Dimensions combine to indicate the current status and likely future condition
for each of ten goals (see equations in Methods Summary and equations (1) and
(4) in Methods). Colour scheme is also used in Figs 3–6.
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Germany scored highly (index 5 73) because eight goals performed
well (excepting ‘food provision’ and ‘tourism and recreation’). Our
approach to scoring ocean health departs from a purely protectionist
one that would aim to maintain natural systems with minimal human
impact. The index credits sustainable non-extractive and extractive use,
except in places where such uses are prohibited (for example, no-take
reserves), as well as preservationist goals.

Third, the index allows transparent assessment of how societal
values influence perspectives on ocean health. Although we weighted
goals equally to avoid presuming societal values, we recognize that
people value ocean benefits differently. To evaluate potential con-
sequences of unequal weighting, we calculated index scores for four
potential weighting schemes that approximate preservationist, non-
extractive use, extractive use, and strongly extractive use value sets
(see Supplementary Information for further details). Resulting global
index scores ranged from 56 to 67 across value sets (Fig. 4 and
Supplementary Table 30; country-level average maximum differ-
ence 6 standard error (s.e.) 5 7.1 6 0.2). For a few countries, most
notably Romania, Russia, French Guiana, Micronesia and Denmark,
changing weights created important differences, altering index
scores by up to 27 (Supplementary Table 30). Monte Carlo simula-
tions of thousands of possible value sets produced similar results
(index 5 60.1 6 0.003 (s.e.); min 5 50; max 5 70; Supplementary
Fig. 5 and Supplementary Table 30). The preservationist perspective
produced the highest index score, primarily because extraction-based
goals generally scored low whereas non-extractive goals scored
higher. Because goal weights can influence index scores, it is critical
to determine societal values (weights) before index calculation.
Choosing a single unequal weighting scheme for this global analysis
would not have been appropriate as these weights will vary by country,
region and community.

Exploring the index
Variation among country-level index and individual goal scores offers
novel insights into causes and consequences of different levels of
ocean health (Fig. 5). Index scores had a largely unimodal distri-
bution, which is expected in composite indices27. No country scored
above 86 and most scored below 70. ‘Natural products’, ‘carbon

storage’ and ‘coastal protection’ drove variation among countries
because of flatter distributions and greater range in values, whereas
‘food provision’ and ‘tourism and recreation’ most influenced overall
index scores because of their consistently low values (Supplementary
Table 31 and Supplementary Information). ‘Tourism and recreation’
in particular proved difficult to model given limited data, such that
scores for this goal are probably artificially low for many countries.
‘Biodiversity’ scores may seem surprisingly high, but this result
accurately reflects that relatively few known marine species risk
extinction (see http://www.iucnredlist.org) and that the reference
point for this goal is not pristine abundance but instead stable popu-
lations of all species (see Supplementary Information). Diving deeper
into the index, current status is the main driver of individual goal
scores, but with scores notably reduced by negative trends for
‘biodiversity’ and ‘carbon storage’ due to decreasing species status
and increasing habitat loss, and by pressures greater than resilience
for ‘tourism and recreation’ and ‘coastal livelihoods and economies’
(Fig. 6 and Supplementary Information).

Countries with identical or similar scores provide examples of how
multiple paths exist for achieving any given index score. For example,
the United States and United Kingdom scored 63 and 62, respectively,
but the scores arose from very different individual goal scores. The
United Kingdom scored substantially higher for ‘food provision’ and
‘natural products’ whereas the United States scored higher for ‘coastal
protection’ and ‘coastal livelihoods and economies’ (Fig. 3 and
Supplementary Table 27).

Comparing individual goal scores provides guidance for improving
overall ocean health, both globally and nationally. Despite the
successes of several developed countries in managing their fisheries28,
sustainable global food provision from wild-caught fisheries and
mariculture is far below what could be delivered if wild stocks were
more sustainably harvested and sustainable mariculture production
was increased (country-level ‘food provision’ scores 5 15 6 1.2 (s.e.);
range 5 0–72). Coastal habitat loss, which affects multiple goals
(‘carbon storage’, ‘coastal protection’, and ‘biodiversity’), also reduces
index scores in many countries, particularly in West Africa, Central
America and the Caribbean. Enhanced protection and restoration of
mangroves, salt marshes, coral reefs and seagrass beds, for example,
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Figure 3 | Index scores (inside circle) and individual goal scores (coloured
petals) for global area-weighted average of all countries and for several
representative countries. The outer ring is the maximum possible score for
each goal, and a goal’s score and weight (relative contribution) are represented
by the petal’s length and width, respectively, except for ‘food provision’ sub-

goals which are weighted by relative actual yield despite equal width of petals
(see Supplementary Table 24 for per-country weights). All plots use equal
weighting for all goals. Figures 3–6 use consistent goal-specific colour schemes.
Grey indicates that a goal is not relevant to that reporting region.
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More or less evident problems

(Revista ComCiência, 2016)



Climate changes have global and long-term effects

IPCC, 5th Assessment Report



Dead zones are a growing and widespread problem

Diaz & Rosemberg (2008)



Marine litter as an emergent and complex problem
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Land-based sources and Source-to-Sea (S2S) approach

(Jambeck et al., 2015)



Different compartments, pathways and impacts

Esquema: Douglas Vieira da Silva



Litter tells us different stories...



Alarming estimates

Ellen MacArthur Foundation (2016)
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CHALLENGES

AIR Centre

Knowledge
• Assessment of sources, sinks and 

effects
• Identify strategies to combat marine 

litter
• Develop technology to prevent and 

remove marine litter - product 
design to waste management (S2S)

• Monitoring methods

Actions
• Elaborate a Marine Litter Plan for 

the Atlantic
• Define reduction targets
• Capacity building
• Communication - education and 

outreach
• Observatory of marine litter
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