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



Germany scored highly (indéx73) because eight goals performesdtorages and scoastal protections drove variation among countries

well (excepting *food provisions and etourism and recreatione). Quacause of flatter distributions and greater range in values, whereas

approach to scoring ocean health departs from a purely protectionfsiod provisione and stourism and recreations most influenced overall

one that would aim to maintain natural systems with minimal humaimdex scores because of their consistently low values (Supplementary

impact. The index credits sustainable non-extractive and extractive Usd)e 31 and Supplementary Information). sTourism and recreatione

except in places where such uses are prohibited (for example, no-talgarticular proved difficult to model given limited data, such that

reserves), as well as preservationist goals. scores for this goal are probably artificially low for many countries.
Third, the index allows transparent assessment of how socieBibdiversitye scores may seem surprisingly high, but this result

values influence perspectives on ocean health. Although we weightedirately reflects that relatively few known marine species risk

goals equally to avoid presuming societal values, we recognizegktihction (see http://www.iucnredlist.org) and that the reference

people value ocean benefits differently. To evaluate potential gpoint for this goal is not pristine abundance but instead stable popu-

sequences of unequal weighting, we calculated index scores for&tions of all species (see Supplementary Information). Diving deeper

potential weighting schemes that approximate preservationist, nime the index, current status is the main driver of individual goal

extractive use, extractive use, and strongly extractive use valuessetgs, but with scores notably reduced by negative trends for

(see Supplementary Information for further details). Resulting globkiodiversitye and scarbon storagee due to decreasing species status

index scores ranged from 56 to 67 across value sets (Fig. 4 amdlincreasing habitat loss, and by pressures greater than resilience

Supplementary Table 30; country-level average maximum diff stourism and recreatione and ecoastal livelihoods and economiese

ences standard error (s.ej 7.16 0.2). For a few countries, most(Fig. 6 and Supplementary Information).

notably Romania, Russia, French Guiana, Micronesia and DenmarlCountries with identical or similar scores provide examples of how

changing weights created important differences, altering ind@xltiple paths exist for achieving any given index score. For example,

scores by up to 27 (Supplementary Table 30). Monte Carlo simulge United States and United Kingdom scored 63 and 62, respectively,

tions of thousands of possible value sets produced similar results

(index5 60.16 0.003 (s.e.); mih 50; mas 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 indiéeNo country scored
above 86 and most scored below 70. eNatural productse, ecarbon


http://www.iucnredlist.org

could significantly improve ocean health by addressing multiple goals.
More effective and comprehensive protection of coastal areas and
species, as is being pursued under the Convention on Biological
Diversity Aichi Biodiversity Targets for 2020 (ref. 29), would directly
benefit esense of placee and ebiodiversitye goals, and indirectly benefit
most other goals by increasing ecological resilience and thus the
likelihood of future goal delive®y Efforts to promote coastal
livelihoods, environmentally sensitive urbanization of the coastal
zone and improved sanitation infrastructure would improve ecoastal
livelihoods and economiese, stourism and recreatione, and eclean
watere goals. Simulating specific management scenarios could provide
guidance on which actions would have the greatest impact.

Sustainability into the future

Sustainable delivery of each goal is foundational to our definition of a
healthy ocean and approach to modelling the index. The status of
many goals incorporates a penalty for pursuing a goal in a way that
hampers its future delivery, whereas the slikely future states augments
scores for goals expected to improve in the near-term future (see
Supplementary Information). About half of the goals are getting



Global-scale analyses are useful for global comparisons but tend to
be locally imprecise because of inherent challenges in using available
global data sets. Future finer-scale applications will allow full explora-
tion of how to best use and refine the index. By calling attention to
specific data layers (and gaps), the index can stimulate better
measurements, more focused management and, hopefully, accelerate
progress towards a healthier ocean.

Developing the index required many assumptions and com-
promises (see Supplementary Information); here we elaborate on
three. First, we limited the index to ten constituent goals primarily
for parsimony and ease of communication while maintaining a struc-
ture complementary to other ecosystem benefit typologies such as in
the Millennium Ecosystem Assessni&iwe recognize that this struc-
ture significantly influences our results. Second, gaps existed in many
data sets that we used, requiring proxies or modelsto fillthose gaps (see
Supplementary Information). For example, international arrivals data
provide a modest proxy for coastal tourism (stourism and recreatione
goal) and undervalue the goal in nations with significant domestic
tourism. Likewise, no global data exist for important stressors such
as illegal fishing, habitat loss rates and point-source pollution. By
identifying these data gaps, the index can help motivate future data
collection. In other cases, we had to forgo better quality, region-specific
data to maintain global consistency. Future iterations of the index,
including those at finer geographic scales, can incorporate new data
as available. Better data will in turn allow for construction of improved
models that show greater fidelity to each goales intent, but may also
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where @; is the goal-specific weight (a5 1; default isa;5 1/N) (see
Supplementary Information) anf is the average value of present and likely
future status],~ (x;z &;£)=2, for each goalThe present status of goalx;) is
its present status valukj relative to a reference point{g) uniquely chosen for
each goal following guiding principles (see Supplementary Information and
ref. 34), and rescaled 0...100. The likely future sfat)is @ function of present
status §;), recent ( 5year) trend (), pressurespf), and factors that promote
resiliencef), such that

%~ &z dB Yz bTiz (I b)(r{ Pi) Xi

where the discountrat#5 0 and the weightingterin5 0.67, giving trend twice

the importance of the difference between resilience and pressures in determining
likely future state (see Supplementary Information). We tested the sensitivity of
results to assumptions abodiand b and found minimal differences for near-

term timeframes (see Supplementary Information). Assessment of the likely
future status captures whether the present status is likely to persist, improve or
decline in the near-term future, based on current staty)safid trends, and is
therefore an indication rather than prediction of the near-term future. Ecological
pressures fall into five broad categories,pollution, habitat destruction, species
introductions, fishing and climate change,and are weighted equally to social
pressures (such as poverty, political instability and corruption), with resilience
measures such as international treaties and ecological resilience included when
they address pressures relevant to a particular goal (see Supplementary
Information). The inclusion of these factors ensures that the index is responsive
to changes that are reflected more slowly in the current state.

Full Methods and any associated references are available in the online version of
the paper.
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METHODS

We measured ocean health as a function of ten widely held public goals (see
Supplementary Information for further details) for what the ocean can provide



have specific consequences for goals, we assessed and ranked separately each
ecological stressor within these categories.

To account for the cumulative effect of stressors, we summed the weighted
intensities of each stressor within a pressure categgrad divided by the
maximum weighted intensity that could be achieved by the worst stressor
(max5 3.0) such that:

pr
WiSi

Pk~ 3 f3]=]

where w; is the stressor-specific sensitivity weights (from Supplementary
Table 25) and; is the data-derived intensity of the associated stressor (which is
scaled 0...1).gf > 100, we set the value equal to 100. This formulation assumes
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