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SCIENCEFORSOCIETY The Sustainable Development Goals (SDGs) focus on providing society with a sus-
tainable future. Progress toward the goals is being tracked by a series of indicators. These indicators show
progress toward individual goals and targets but do not show how success or failure in relation to one goal
might affect success or failure in another area. We show how interactions between the oceans and human
poverty, hunger, and gender equity are hidden by indicator assessments and how this undermines the ca-
pacity of governments and organizations to maximize long-term moves toward sustainability. These find-
ings are important for decision makers who work in the public and private sectors and wish to avoid unfore-
seen outcomes when implementing sustainability initiatives. Here, we suggest extensions to the current
assessment framework to help counteract the identified issues, providing a research agenda for scientists
working in all fields of sustainability science.
SUMMARY

The Sustainable Development Goals (SDGs) were
designed to address interactions between the econ-
omy, society, and the biosphere. However, indica-
tors used for assessing progress toward the goals
do not account for these interactions. To understand
the potential implications of this compartmentalized
assessment framework, we explore progress evalua-
tions toward SDG 14 (Life below Water) and inter-
secting social goals presented in submissions to
the UN High-Level Political Forum. We show that
there is a disconnect between the apparent progress
shown by indicators and long-term sustainability; for
example, short-term gains in reducing hunger or
poverty might be undermined by poor ocean health,
particularly in countries dependent on fisheries or
developing their blue economy. We suggest an
extension to existing indicator assessments to inte-
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grate scenarios and social-ecological modeling.
This approach would ensure that decision makers
are provided with knowledge fundamental to direct-
ing actions to attain SDGs while minimizing unin-
tended outcomes due to interactions among goals.

INTRODUCTION

The Sustainable Development Goals (SDGs), launched in 2015,

articulate a negotiated international strategy to support environ-

mental and human well-being.1,2 The SDGs recognize three in-

terlinked pillars of sustainability: society, the economy, and the

biosphere (the global ecological system). The SDGs are

composed of 17 goals split into 169 targets. Primary targets

(designated by numbers) communicate desirable outcomes,

whereas secondary targets (designated by letters) express

means of implementing the goals.1 The three pillars of sustain-

ability are incorporated into this structure in two forms. First,

some goals place a greater emphasis on a particular pillar, for
uary 21, 2020 ª 2020 The Author(s). Published by Elsevier Inc. 161
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example, the biosphere (e.g., SDG 14: Life belowWater), society

(e.g., SDG 1: No Poverty), or the economy (e.g., SDG 8: Decent

Work and Economic Growth). Second, and perhapsmore impor-

tant considering the necessarily integrated nature of sustainabil-

ity, the goals and targets were structured to interweave compo-

nents of these three pillars.3–5 For example, target 1.4 clearly

integrates economic, societal, and biosphere components: ‘‘by

2030, ensure that all men and women, particularly the poor

and the vulnerable, have equal rights to economic resources,

as well as access to basic services, ownership, and control

over land and other forms of property, inheritance, natural re-

sources, appropriate new technology, and financial services

including microfinance.’’

Effective policy development, resourcing, and implementation

at the local, national, and international levels are central to soci-

ety’s capacity to meet the SDGs.6 Consequently, decision

makers are now tasked with directing actions that progress to-

ward attainment of the SDGs while minimizing adverse out-

comes. To achieve the desired outcomes, decision makers

must understand the feedbacks and interactions between soci-

ety, the economy, and the biosphere, prompting research efforts

to understand how synergies and trade-offs influence our ability

to achieve the 2030 Agenda.3,7–9 The emergence of literature

on interactions among the goals is a welcome step;3,8,10,11 how-

ever, these trade-offs and synergies are not a core component of

the SDGevaluation protocol. Indicators have been developed for

each target by the Inter-agency and Expert Group on SDG Indi-

cators, a groupmade up of participants fromUNmember states.

The feedback that decision makers receive on progress toward

achieving the 2030 Agenda is based on assessments that use

one, or occasionally a few, of these indicators to evaluate goal

and target attainment.12,13 The current indicator approach

does not provide an understanding of why targets are on track

or unfulfilled14,15 or to which factors change can be attributed,

lacks clear measures of performance relative to targets, and

does not evaluate how interdependence of the three pillars of

sustainability might affect goal and target attainment. This over-

sight risks implementation of palliative policy responses that act

to address short-term gains in localized geographies or popula-

tions rather than support the long-term sustainability of human

activities.

Here, we explore whether ignoring within- and among-target

interactions risks prioritizing short-term attainment of the SDGs

to the detriment of long-term, sustained achievement of these

outcomes. We examine the role that the marine environment

plays in supporting social and economic goals and targets. We

focus on the marine environment for four reasons:

(1) There are real challenges associated with understanding

human impacts on the oceans and society’s capacity to

meet SDG 14 (Life belowWater). For example, monitoring

ocean state and function is extremely difficult, as ongoing

debates about fish-stock status have shown, even for pla-

ces with high monitoring and analytical capacity.16,17

Furthermore, the large-scale and numerous effects of

climate change on ocean ecosystems present a moving

target for those tasked with addressing SDG 14.18

(2) A low level of prioritization is being placed on SDG14. This

goal is consistently considered the least-important SDG
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by government leaders responsible for developing

actions to support the 2030 Agenda.19,20 These perspec-

tives are mirrored by sustainability professionals, non-

governmental organizations, development and donor

organizations, and the private sector, resulting in a lack

of urgency related to improving ocean health.19,21,22

Furthermore, the oceans have received limited focus in

conceptual frameworks that informed the development

of the SDGs, such as planetary boundaries.23 This low

level of prioritization is understandable in some instances.

For example, landlocked countries, which have insuffi-

cient capital (monetary or human) to meet all the SDGs,

might view SDG 14 as peripheral to their planning for

the 2030 Agenda despite the indirect benefits that the

oceans afford to these countries.

(3) There is wide-scale enthusiasm for the expanding role

and projected growth of the blue economy, which is

doubling in size per decade and is already equivalent to

the seventh-largest economy on the planet.24,25 If society

is to realize the anticipated expansion of benefits

gained from the oceans across multiple sectors, a

healthy ocean is necessary and will have implications

for the fulfilment of the SDGs more generally.

(4) Research that makes trade-offs and interactions

among the SDGs explicit can open up space for dialogues

and exploration of scenarios where the interests of

multiple groups are acknowledged and shared. Interpre-

tation of the blue-economy concept is contested and

varies from a focus on business development (including

resource extraction) to the ocean as a provider of natural

capital and livelihoods.26,27 These contrasting perspec-

tives exemplify the various framings of sustainability is-

sues that must be acknowledged in any discussion of

synergies and trade-offs in the SDGs, providing fertile

ground for such research.

In delivering our analysis on the interdependencies between

the SDGs with respect to the ocean, we first evaluate the likeli-

hood that sustainability targets for the oceans will be achieved

by the specified dates or 2030. We then examine the intersec-

tions among social goals and SDG 14 through the lens of the

indicators used for assessing progress toward goal attainment.

To illustrate the breadth of interdependencies, risks, and oppor-

tunities, we draw on three examples—SDG 1 (No Poverty), SDG

2 (Zero Hunger), and SDG 5 (Gender Equity)—and their respec-

tive links to the oceans.
RESULTS AND DISCUSSION

Likely Attainment of SDG 14 (Life below Water) and Its
Constituent Targets
We evaluated progress toward the targets in SDG 14 by using

stakeholder submissions and indicator assessments provided

to the annual High-Level Political Forum (HLPF) and thematic

reviews arising from the HLPF.12,13,28,29 The evidence provided

in these submissions (Table S1) suggests that only 2% of coun-

tries are likely to achieve SDG 14 by 2030 (Table 1).13 As a result

of the inherent problems associated with forecasting future

trends in the context of interacting social, biophysical, and



Table 1. Global Status of Targets within SDG 14 (Life below Water)

Goal or Target

Likelihood of Meeting

Goal or Target Evidence Used for Assessing the Likelihood of Achieving Goal or Target

14 life underwater: conserve and sustainably use the oceans, seas, and

marine resources for sustainable development

will not be met SDSN: only 2% of countries are currently on track to meeting SDG 14

by 2030

14.1 by 2025, prevent and significantly reduce marine pollution of all kinds,

particularly from land-based activities, including marine debris and

nutrient pollution

uncertain CBD: ‘‘lagging behind’’ Aichi 2020 timeline

TR: potential to meet 2025 timeline is uncertain, but the current state of

coastal waters is deteriorating

14.2 by 2020, sustainably manage and protect marine and coastal ecosystems

to avoid significant adverse impacts, including by strengthening their

resilience, and take action for their restoration in order to achieve healthy

and productive oceans

will not be met CBD: ‘‘lagging behind’’ Aichi 2020 timeline

TR: status unclear

14.3 minimize and address the impacts of ocean acidification, including through

enhanced scientific cooperation at all levels

will not be met CBD: ‘‘lagging behind’’ 2020 timeline

TR: significant efforts needed to achieve this target by 2030 are

currently lacking

14.4 by 2020, effectively (1) regulate harvesting, (2) end overfishing; illegal,

unreported, and unregulated fishing; and destructive fishing practices,

(3) and implement science-based management plans in order to restore

fish stocks in the shortest time feasible, at least to levels that can

produce a maximum sustainable yield as determined by their biological

characteristics

will not be met CBD: ‘‘lagging behind’’ 2020 timeline

TR: wild fishery production is relatively stable (2006–2015), but over 30%

of marine fish stocks are overfished, and this percentage has been rising

since the 1970s

14.5 by 2020, conserve at least 10% of coastal and marine areas, consistent

with national and international law and based on the best available scientific

information

uncertain TR: coastal waters are on track (13.2% up to 200 nm), but very little

of the open ocean is protected (0.25% of area outside national

jurisdictions)

14.6 by 2020, prohibit certain forms of fishery subsidies that contribute to

overcapacity and overfishing; eliminate subsidies that contribute to illegal,

unreported, and unregulated fishing; and refrain from introducing new

such subsidies by recognizing that appropriate and effective special

and differential treatment for developing and least-developed countries

should be an integral part of the World Trade Organization’s fishery-subsidy

negotiation

uncertain CBD: ‘‘lagging behind’’ 2020 timeline

WTO: the 2017 WTO Ministerial Decision on Fisheries Subsidies was

an agreement among members to agree on a fishery subsidy by the

end of 2019; negotiations to reach this are ongoing at this time

14.7 by 2030, increase the economic benefits to Small Island Developing States

and least-developed countries from the sustainable use of marine resources,

including through sustainable management of fisheries, aquaculture, and

tourism

uncertain CBD: ‘‘lagging behind’’ 2020 timeline

TR: potential to meet 2030 timeline is uncertain

Status is based on evidence provided in submissions to theHigh-Level Political Forum (HLPF): SDSN, 2018 submission by the Sustainable Development Solutions Network; CBD, 2018 submission by

the Convention on Biological Diversity; TR, 2017 HLPF thematic review;13,28,29 WTO, 2019 report from the World Trade Organization.30
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economic dynamics, there are uncertainties around these pre-

dictions. Nevertheless, these findings are supported by indepen-

dent, private-sector research indicating that no country with suf-

ficient data to make an assessment is currently on track to attain

SDG 14 by 2030.31 Similarly, the trajectories and status of the in-

dividual targets under SDG 14 are of considerable concern: five

of the seven targets will not be met, and the remaining two are

unlikely to be met by 2030 or in the prescribed time periods

(Table 1).

However, bright spots with respect to SDG 14 include the

focus on ocean conservation in Palau and the efforts made to

remove fishery subsidies that contribute to overcapacity and

overfishing within the World Trade Organization (target 14.6).

Nonetheless, the predominantly discouraging trajectories

(Table 1) are likely to be compounded by the large-scale and

increasing impacts of climate change on ocean ecosystems.18

As a result, substantial effort will be required not only to coun-

teract ecosystem decline in the marine environment but also to

improve ocean health to the level required to meet SDG

14.23,32,33 The challenges associated with improving marine

health and the low prioritization and funding that decisionmakers

in the public and private sectors are giving to SDG 14 suggest

that this effort might not be made.19–22

Tracking Synergies and Trade-offs between Ocean
Health, Society, and the Economy
Poor environmental health, such as discussed above in relation

to the oceans and SDG 14, has broad-scale implications. The

biosphere is central to many of the social and economic goals

and the targets within them: 34 of the 91 social and economic pri-

mary targets are identified by the UN as being directly reliant on

the biosphere.34 Thus, ecosystem degradation has the potential

to trigger a decline in society’s capacity to meet other targets

that are reliant on the health of the biosphere;35 for example,

pollution might affect water security and health despite initiatives

focused on improving access to water sources.

These interactions between the biosphere, society, and

the economy are increasingly recognized. For example, an eval-

uation by Singh et al.,8 who assessed links between SDG 14 and

the remaining SDGs, found that SDG 14 targets are connected

to the attainment of all other goals. 35% of the links between

SDG 14 targets and other targets are synergistic, whereas

fewer than 1% represent trade-offs. Moreover, in 37% of these

synergies, SDG 14 targets act as necessary pre-conditions

for particular social or economic targets under other goals.8

For example, target 14.4 (‘‘by 2020, effectively regulate harvest-

ing and end overfishing, illegal, unreported, and unregulated

fishing and destructive fishing practices and implement sci-

ence-based management plans, in order to restore fish stocks

in the shortest time feasible, at least to levels that can produce

maximum sustainable yield as determined by their biological

characteristics’’) is a prerequisite for achieving SDG 2.4

(‘‘by 2030, ensure sustainable food production systems and

implement resilient agricultural practices that increase produc-

tivity and production, that help maintain ecosystems, that

strengthen capacity for adaptation to climate change, extreme

weather, drought, flooding, and other disasters and that pro-

gressively improve land and soil quality’’).8 It should be noted

that some of these synergies and pre-conditions are context
164 One Earth 2, 161–173, February 21, 2020
dependent;8 nevertheless, ocean health is fundamental to

many social and economic goals.36

Despite this recognition of the interactions between the

biosphere, society, and the economy in the SDGs, the feedback

that decision makers receive on progress toward achieving

the 2030 Agenda is based on assessments that use one indi-

cator, or occasionally a few, to evaluate the attainment of indi-

vidual goals and targets.12,13 These indicators do not provide

an understanding of why targets are on track or unfulfilled.14,15

Achieving the target (or not) is a long way down the causal

chain from the actions or interventions that have been put in

place to support attainment, and the indicators do not evaluate

how interdependence of the three pillars of sustainability might

affect goal and target attainment in the short or long term. As a

result, within the existing indicator framework, attainment of

many social and economic goals and their constituent targets

requires that decision makers have a sound understanding of

the relationships both within and among targets so they can

direct action that ensures that successful outcomes in relation

to specific targets are not constrained by poor outcomes for

other targets. Where understanding of causal pathways is

lacking, the result could be palliative policies that lead to short-

term target attainment but risk the loss of these gains over

time. Indeed, such policies are analogous to medical interven-

tions that treat symptoms rather than the root cause. This could

result in trade-offs and costs associated with other SDGs and

underpins considerable potential to overlook important demo-

graphic or geographic differences in outcomes. Furthermore,

there is the danger that outcomes might be ephemeral in nature

and lead to the pursuit of transitory effects rather than funda-

mental change. To illustrate the potential risks and missed op-

portunities associated with a lack of understanding regarding

the causal links among and within the SDGs in the context of

the indicator assessments, we provide examples of the intersec-

tion between SDG 14 and three social goals.

Example 1

SDG 1 aims to ‘‘end poverty in all its forms everywhere.’’ Poverty

has multiple dimensions ranging from disempowerment to

insufficient income and institutional maltreatment.37 Thus, erad-

icating poverty will require a multi-faceted approach driven by a

range of different actors. One such facet relates to government-

funded initiatives; a healthy economy is central to governments’

capacity to fund poverty-eradication programs or provide basic

services and will influence success in meeting SDG targets that

focus on government-level interventions (e.g., 1.2, 1.A, and 1.B).

A healthy economy is reliant in part on industries that are strong

and, perhaps more critically, exhibit sustainable practices, e.g.,

industries that are based on fair work practices and do not

exacerbate economic inequality.

In nations wheremarine industries such as tourism represent a

large share of gross domestic product (GDP), a healthy economy

will be reliant on the oceans.35,38 A 2018 indicator assessment

of current trajectories toward SDG 1 by the UN Sustainable

Development Solutions Network (SDSN) showed that 109 out

of 193 countries are on track to meet SDG 1 and its component

targets by 2030.13 To understand whether this assessment over-

estimates the long-term capacity of countries to end poverty, we

compared the economic reliance of 15 small island nations on a

healthy marine environment (percentage of GDP contributed by



Figure 1. Exploration of Potential Consequences of Overlooking SDG 14 (Life below Water) for Meeting SDG 1 (End Poverty)

(A) Coral reef in Fiji (photo: WorldFish CC BY-NC-ND 2.0). Marine-based tourism such as diving is an important source of economic revenue in many island

nations.

(B) Fish-aggregating device in the Solomon Islands (photo: WorldFish CC BY-NC-ND 2.0). Fisheries are an important source of economic revenue in many island

nations.

(C) Relationship between the trajectory of progress toward SDG 1 (End Poverty) (achievement by 2030; x axis), economic dependence on the oceans (y axis), and

the trajectory of progress toward SDG 14 (shading of points) for a series of small island nations. Sensitivity to low marine ecosystem health and services is

represented by the economic dependence on the oceans, which we estimated as the percentage of GDP from tourism and fisheries (Table S2). We chose

example countries where data were available andmarine-based tourism predominates. Classification of progress toward goalswas sourced from the 2018 SDSN

indicator dashboard, which reports on progress toward all SDGs:13 decreasing, trajectory is negative such that the country is moving further away from goal

attainment over time; stagnating, trajectory is horizontal or shallowly positive such that the country will not attain the goal by 2030; long term, trajectory is positive

but the country is unlikely to attain the goal by 2030; on track, trajectory is positive and the country is likely to attain the goal by 2030; attained, the country has

already achieved the goal.
fisheries and tourism; Table S2) with progress toward SDGs 1

and 14 (Figure 1; Table S1).

According to indicator assessments by the SDSN,13 a number

of these island nations are on track to meet SDG 1 or have

already attained it (Figure 1C). However, for countries with a

high economic dependence on healthy oceans, indicator as-

sessments showing significant progress toward attainment of

SDG 1 might be misleading in the long term. This ambiguity

arises because, although nationsmight havemarine ecosystems

characterized by a level of degradation that does not currently

affect industry, in light of the tight coupling between fisheries,

tourism, and the ecosystem state39 and ongoing climate impacts

exacerbating marine degradation,18 it is unlikely that nations will

be able to trade off these industries against ocean health in the

long term.40

The Maldives and Bahamas provide examples of nations

that are highly dependent on fisheries and tourism (80% and

46%of the GDP, respectively). As a result, although the indicator

assessment by the SDSN shows that these countries have

already attained SDG 1, the current poor state of their marine

ecosystem and the unlikely attainment of SDG 14 by 203013 raise
serious concerns regarding the capacity of either country to

maintain a classification of ‘‘no poverty’’ in the long term. Two

solutions present themselves: either the countries shift rapidly

away from their ocean dependence (difficult given the nations’

geographies and the central importance of ocean-based liveli-

hoods27,41), or they invest in ocean health. Concerns might

also be raised for countries that have a significant dependence

onmarine systems, such as Kiribati (37% of the GDP), but where

there are currently insufficient data to inform progress toward

meeting SDG 14. Consequently, although the risk that environ-

mental degradation might counteract progress toward SDG 1

is potentially significant, these risks are not highlighted by this

indicator-based approach.

Our analysis (Figure 1) also highlights potential opportunities

for improving progress toward ending poverty. For example,

countries such as the Federated States ofMicronesia aremoving

away from meeting SDG 1 but are on track to meet SDG 14 and

currently have low economic dependence on fishing and

tourism, suggesting the potential to leverage their environmental

stewardship to attract tourist dollars that governments could

potentially use to address local poverty. Such opportunities are
One Earth 2, 161–173, February 21, 2020 165



not clear when the indicators used for assessing progress

toward individual goals and targets are viewed in isolation,

as is the case in the current formal progress-assessment

framework.

It should be noted that drivers of poverty vary in time and

space, influencing the experience of poverty, such that the

real-world impact of any economic benefits derived from a

healthy ocean will be specific to context and demographic

groups. As a result, increases in government spending on

reducing poverty might address targets such as 1.A (which

aims to ‘‘ensure significant mobilization of resources from a

variety of sources, including through enhanced development

cooperation, in order to provide adequate and predictable

means for developing countries, in particular least developed

countries, to implement programmes and policies to end

poverty in all its dimensions’’) but will not necessarily move na-

tions toward all of the targets within SDG 1.

Example 2

SDG 2 aims to ‘‘end hunger, achieve food security and improved

nutrition and promote sustainable agriculture.’’ Hunger is more

than simply ensuring a minimum caloric intake. Food security

relates to the availability, access, use, and sustainability of

nutritious food. For example, SDG 2.2 aims to, ‘‘by 2030, end

all forms of malnutrition, including achieving, by 2025, the

internationally agreed targets on stunting and wasting in children

under 5 years of age, and address the nutritional needs of

adolescent girls, pregnant and lactating women and older per-

sons.’’ Fish are high in bioavailable micronutrients and are thus

essential to addressing the nutrient deficiencies that cause

stunting and wasting and undermine the health of pregnant

and lactating women and their children.42,43 Therefore, in nations

where fisheries currently represent a large proportion of the

diet, reducing food insecurity will be reliant on maintaining

fish stocks and the aquatic systems they inhabit.35,38

A 2018 indicator assessment of current trajectories toward

SDG 2 by the SDSN showed that only 6 out of 193 countries

are on track to meet SDG 2 and its component targets by

2030, but a further 124 countries are likely to meet SDG 2 over

the longer term.13 To understand whether this assessment

overestimates the long-term capacity of countries to achieve

zero hunger, we quantified the reliance on fish for food at

the national level (with data sourced from Blanchard et al.44)

and compared this with the likely attainment of SDG 14

(with data sourced from Sachs et al.;13 Table S1). We used the

proportion of animal protein from fisheries to represent the

contribution of fish to reducing hunger. It should be noted that

this provides an estimate only of the potential nutrition derived

from fish as a result of variability in nutritional value among

species.45

Few countries have attained or are on track to attain SDG 2

by 2030 according to the SDSN assessment.13 However, for

those nations that are on track, more than 20% of their animal

protein comes from fisheries, and their marine ecosystems are

currently in a poor state in that progress toward SDG 14 has

stagnated (Figure 2).13 In Japan, for example, fish represent

39% of animal protein consumed. Thus, although the indicator

assessment for SDG 2 suggests that Japan has already attained

zero hunger, the poor state of progress toward SDG 14 brings

into question Japan’s capacity to maintain zero hunger in the
166 One Earth 2, 161–173, February 21, 2020
long term unless there is a concerted move away from fish as

a source of food or targeted investment and actions supporting

the health of marine ecosystems. Although some might point

to trade as a solution in such cases, this just pushes the problem

somewhere else, potentially risking SDG attainment in that

location and undermining inter-regional sustainability.46,47 67%

of countries are likely tomeet SDG 2 in the longer term. However,

for countries with a high dependence on fisheries for food

security and little progress toward meeting SDG 14—such as

the Maldives, Sierra Leone, and Cambodia—even an indicator-

based assessment stating long-term attainment of SDG 2 could

be misleading. Indicator-based progress shown toward the

attainment of SDG2 could, in fact, hide the potentially devas-

tating consequences of poor ocean health on human hunger.

Example 3

SDG 5 aims to ‘‘achieve gender equality and empower all

women and girls.’’ The previous two examples explore the risk

of missing causal links among andwithin SDGs at a national level

when progress is based on the current indicator framework.

However, this problem is further compounded when there is a

need to understand the distribution of winners and losers in

relation to sustainable development initiatives at the sub-na-

tional scale. A key instance is the designation of marine pro-

tected areas (MPAs) as per target 14.5, which aims to, ‘‘by

2020, conserve at least 10 per cent of coastal and marine

areas, consistent with national and international law and based

on the best available scientific information.’’ Marine parks,

particularly long-established MPAs, can have positive impacts

on the food security of local communities.48 However, such

positive outcomes are far from universal, and designation of

no-take areas can marginalize certain demographics.48,49 For

example, in some areas women contribute significantly to

household nutrition through regular gleaning activities, often

for sessile invertebrate species in estuaries and inter-tidal

areas50–52 (Figures 3A and 3B). Yet, MPA design and manage-

ment often excludes women (among others) from the decision-

making process and overlooks these important subsistence

fisheries.53,54 This oversight can have serious implications for a

country’s capacity to achieve targets within SDG 5 (Gender

Equality), particularly 5.A, which aims to ‘‘undertake reforms to

give women equal rights to economic resources, as well as

access to ownership and control over land and other forms of

property, financial services, inheritance and natural resources,

in accordance with national laws.’’ Furthermore, there are

potential knock-on effects for the nutrition of women and chil-

dren, who might be particularly vulnerable to the loss of sea-

food-derived micronutrients51 (SDG 2).

The interactions between SDG 14.5 and SDG 5.A can be illus-

trated in Palau. The nation’s GDP growth is supported by fish-

eries and tourism, both of which rely on the marine environment.

As a result, the government has been very proactive in

conserving their marine ecosystems. Today, over 40%of coastal

habitats in Palau are under protection or management, attracting

increasing numbers of high-end tourists. And in 2020, a no-take

national marine sanctuary that covers 80% of the exclusive eco-

nomic zonewill come into effect. The remaining 20%will be open

to a domestic, pelagic fishery in the hope that this will support

food security in this fish-reliant nation and will help reduce pres-

sure on near-shore waters.39 As a result, Palau is on track to



Figure 2. Exploration of Potential Consequences of Overlooking SDG 14 (Life below Water) for Meeting SDG 2 (Zero Hunger)

(A) Fisherman in Kiribati (photo: WorldFish CC BY-NC-ND 2.0).

(B) Fish for sale in the Solomon Islands (photo: WorldFish CC BY-NC-ND 2.0). Fisheries are an important source of food in many countries.

(C) Relationship between the trajectory of progress toward SDG 2 (Zero Hunger) (achievement by 2030; x axis), food-security dependence on the oceans (y axis),

and the trajectory of progress toward SDG 14 (shading of points). Each point represents a country; only select countries are named. Sensitivity to low marine

ecosystem health and services is represented by the dependence of food security on the oceans according to estimates of the percentage of animal protein in

human diets sourced from fish. These data were sourced from Blanchard et al.44 Categories of progress toward goals were sourced from the 2018 SDSN in-

dicator dashboard, which reports on progress toward all SDGs:13 decreasing, trajectory is negative such that the country is moving further away from goal

attainment over time; stagnating, trajectory is horizontal or shallowly positive such that the country will not attain the goal by 2030; long term, trajectory is positive

but the country is unlikely to attain the goal by 2030; on track, trajectory is positive and the country is likely to attain the goal by 2030; attained, the country has

already achieved the goal.
meet SDG 14.5.55 These efforts are laudable and will assist in the

conservation of fish stocks and themarine environment onwhich

the Palauan economy relies. However, they account for neither

the reduced access that these initiatives will cause for women

participating in reef gleaning rather than pelagic fishing52,56 nor

the reliance on coastal fisheries for household nutrition.57

Furthermore, in some areas fishing permits for local citizens

are being considered to reduce fishing pressure from external

sources, but these schemes do not allow permits to be held by

spouses born in other regions.58 Currently, there is insufficient in-

formation available to establish progress toward SDG 5 as a

whole or 5.A specifically in Palau according to indicator assess-

ments.13,55 But, even with sufficient data, the indicators that

have been defined for SDG 5.A (Figure 3C) focus on land use

and make no mention of fisheries or seafood and as such will

not be informative in relation to potential trade-offs between

achieving target 14.5 and gender equality.

Our three examples suggest that interdependencies between

the oceans and human well-being are being underemphasized

in indicator-based progress assessments as countries try to

meet the SDGs by 2030, meaning that appropriate actions might

not be being operationalized. This oversight potentially hasmore

pernicious implications. For example, after significant effort is

put into achieving specific targets, a reversal could sour the
appetite for further action (‘‘how will we know that this time it is

enough?’’) or even the overall concept (‘‘it is all too complicated

and overwhelming’’). This is particularly the case if potential

changes in dependencies and their associated feedbacks are

not well understood.
Using Suites of Indicators to Understand Cause-and-
Effect Relationships
With the growth of the blue economy, marine nations will be

presented with multiple future pathways. To make informed de-

cisions about which future is more ‘‘desirable,’’ it is important

that decision makers explore the connections between society,

the economy, and the biosphere and how these are (or are not)

reflected in evaluations of progress toward the SDGs. Specif-

ically, decision makers working to achieve the SDGs must

understand (1) how indicator-based progress assessments

reflect the full suite of outcomes from their actions (Examples

1, 2, and 3), (2) that some near-term actions might actually pre-

clude future actions and block attainment of the desired goals

in the long term (Examples 1 and 2), and (3) how the resultant

benefits and deficits are distributed among different societal

and demographic groups (Example 3). This understanding will

help support the attainment of desired outcomes while
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Figure 3. Interaction between SDG 14 (Life below Water) and SDG 5 (Gender Equality)

(A) Women fishing for arc clams in the Solomon Islands (photo: WorldFish CC BY-NC-ND 2.0).

(B) Women removing shells from mangroves in the Solomon Islands (photo: WorldFish CC BY-NC-ND 2.0).

(C) Target 5.A and the two indicators used for assessing progress toward target 5.A. Neither of these indicators mentions fisheries; instead, they focus on land-

use and agriculture.
minimizing unintended consequences and costs to other objec-

tives or social groups.

The current indicator frameworks do not provide a clear

roadmap for decision makers and stakeholders tasked with

maximizing human well-being. Few indicators have been tested

for understanding their relative strengths and weaknesses in

the context of achieving sustainability across the suite of

SDGs. For example, it might be possible to designate 10% of

the oceans as no-take MPAs, but if the protected areas are all

high-seas locations away from threatening or extractive activ-

ities (termed ‘‘residual reserves’’),59 this would clearly not be

delivering on the goal’s actual intent to reduce human pres-

sures, conserve important ecosystems, and support livelihoods

and food security. This would require a suite of management

actions that focus on habitats within coastal and shelf ecosys-

tems, as well as climate change more broadly.60 Furthermore,

by definition, indicators provide a snapshot of the situation.

Decades of research highlight that single indices cannot

easily or universally capture the many aspects of ecosystem

structure or function that must be included if we are to accu-

rately track the state of the biosphere.61,62 The same is true of

other complex systems, including human societies—indicators

aggregated to the national level do not reflect the distribution of

gains and losses within countries or among demographic

groups or the contexts in which gains or losses are made.

Consequently, decision makers are faced with a ‘‘black box,’’

whereby policies are put in place to influence the trajectory to-
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ward a target but there is no explicit tracking of the connections

between policy and outcome, making it difficult to identify why

trajectories do not change or why they change in an unantici-

pated manner. Indicator versus expert assessment of progress

toward SDG 1 (End Poverty) provides an example of this issue.

As discussed above, a recent SDSN assessment of SDG 1 using

a current indicator framework showed that 56% of countries

are on track to meet SDG 1 and its component targets by 2030

(see Experimental Procedures and Sachs et al.13 for more infor-

mation on this indicator assessment). In contrast, an elicitation

of sustainability experts found that only 6% of participants

thought headway toward ending poverty had been good or

excellent to date, and 60% thought progress had been poor.21

Expert understanding of all the interacting factors that have an

impact on reducing poverty at various scales, including the influ-

ence of biosphere health, might explain these inconsistent re-

sults. If society wants to achieve long-term sustainability and

avoid unintended outcomes,63 decision makers need to under-

stand why targets are on track or unfulfilled and have a measure

of performance regarding different actions.14,15 Thus, there is a

need to build on the existing indicators to provide greater trans-

parency regarding the interactions between society, the econ-

omy, and the biosphere.

Identifying cause-and-effect relationships ranging from policy

drivers to human well-being will be extremely challenging

because of the complex nature of social-ecological systems,

cross-scale and non-linear relationships, and the historical



Figure 4. Result Chains Used for Visualizing Relationships between the Biosphere, Society, and the Economy

(A) Iteration 1 of a result chain in relation to existing efforts to protect the marine environment in Palau draws on expert knowledge, research, and monitoring

information to populate the result chain.

(B) Addition of new information from research such as social-ecological modeling and narrative scenarios.

(C) Iteration 2 of a result chain in relation to Palau’s efforts to protect the marine environment and its differential impacts on male and female fishers. Boxes

showing potential indicators also detail the relevant SDGs that the indicators would be informing, highlighting the interdependencies among goals. See Example 3

in the text for more detail.
context (path dependency).64–68 Nonetheless, such evidence is

critical if society wants to maintain sustainability and human

well-being beyond 2030. A research agenda focused on

providing fundamental knowledge of these relationships is an

extremely challenging but pressing need. A first step will be to

explore relationships between society, the economy, and the

biosphere. This will require an iterative process where theories

of change are tested and updated. Social-ecological models

exploring the behavior of complex systems and narrative-based

scenario development are two powerful tools that can help

support this testing process by allowing the integration of multi-

ple knowledge systems (e.g., scientific, cultural, local, and expe-

riential knowledge) and the exploration of different futures and

how we might achieve these futures.14,69–73

Results chains, sensu Salafsky and Margoluis,74 provide a

transparent approach for tracking these hypothesized relation-

ships and iterations in our understanding (Figures 4A and 4B)

and visually representing theories of change and the relation-

ships between specific actions, the intermediate effects of these

actions, and the ultimate desired outcomes.75 Results chains

can then be used for identifying suites of new or existing indica-
tors that can explicitly demonstrate the effect of actions (eco-

nomic or political) on outcomes (as shown by potential indicators

in Figure 4). Furthermore, the results-chain logic can be used for

structuring the analysis and reporting of SDG indicators through

the linking of indicators collected in assessment databases,

permitting the formal exploration of SDG interactions, synergies,

and trade-offs. Thus, we recommend that results chains be used

at the national or sub-national scale so that countries can

understand their interdependencies, as well as feedbacks within

and between their indicators for the SDGs. Efforts to integrate

result chains into existing SDG assessments would be facilitated

by existing recognition in the international policy arena where

this approach is already well understood. For example, it is a

method employed by the World Bank and is the basis for how

the World Health Organization assesses program performance.

Conclusions
The SDGs aim to balance ideals with practicalities and as such

are defined through a set of tangible targets and indicators of

progress. Such tangibility is essential for communication and

reducing the onerous nature of expansive monitoring programs
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but is at odds with the complex interacting sustainable

development challenges we are facing. Specifically, the indica-

tors mask interdependences among and within targets. Thus,

understanding the contribution of each pillar of sustainability

(society, the economy, and the biosphere) to the other pillars

is likely to be difficult if not impossible. Where social or eco-

nomic targets are underpinned by a healthy biosphere, appar-

ently positive progress toward meeting these social and eco-

nomic targets, as shown by simplistic indicators, could mask

underlying declines in long-term sustainability for biosphere-

dependent communities, compromising society’s capacity to

meet these targets in the long term. If the SDGs are to effec-

tively support policy action that will lead to improved human

well-being in the long term, it is critical that those tasked with

achieving goals and their constituent targets be supported by

assessments based on linked suites of indicators that answer

both the how and the why of success or failure, as well as un-

cover the potential for short-term gains at the expense of long-

term sustainability. Making these changes will be challenging,

but the upcoming UN Decade of Ocean Science for Sustain-

able Development (2021–2030) provides a potential leverage

point for focusing international energy and effort on building in-

teractions between the oceans and society into SDG-focused

initiatives and assessments.
EXPERIMENTAL PROCEDURES

Status of SDG 14 (Life below Water) and Its Constituent Targets

To understand the likelihood that sustainability targets for the oceans will

be achieved by the specified dates or 2030, we assessed global progress

toward SDG 14 and its constituent targets by using submissions to and

summary reports from the 2017 and 2018 UN HLPF (Table 1). The HLPF,

which meets annually, occurs under the auspices of the UN Economic

and Social Council. Its responsibilities include giving ‘‘guidance and recom-

mendations for sustainable development, [following] up and [reviewing]

progress in the implementation of sustainable development commitments,

[and enhancing] the integration of the three dimensions of sustainable

development in a holistic and cross-sectoral manner at all levels’’ (p. 3).76

Voluntary submissions to the HLPF from individual countries, intergovern-

mental bodies, and other stakeholders are used for developing a picture of

progress toward the SDGs and developing thematic reviews of the status of

each SDG.77,78

We used the 2018 submission by the SDSN as evidence of the likelihood of

meeting SDG 14. This network, which runs under the patronage of the UN

Secretary General, brings together international scientific and technical

expertise relating to sustainable development to provide annual reviews

of the current status of SDGs. See Sachs et al.13 for full details on how

status was assessed. We drew evidence of the status and progress of

individual targets within SDG 14 from the 2017 thematic review and the

2018 submission by the Convention on Biological Diversity (CBD).28,29 Using

this evidence, we defined three categories of progress and assigned the

goal and each target into one of these categories according to the potential

of attainment by 2030 or within the stipulated time period: (1) the goal or target

‘‘will not be met,’’ (2) it is ‘‘uncertain’’ whether the goal or target will be met,

and (3) the goal or target ‘‘will be met’’ given current progress. The SDSN13

provided the status of SDG 14 according to the same classification scheme,

and thus we used their classification directly. The CBD28 provided information

on how SDG targets were linked to corresponding Aichi targets (20 targets to

support 5 strategic goals for conservation, sustainable use, and fair and equi-

table sharing of biodiversity). Where the Aichi targets were said to be ‘‘lagging

behind’’ attainment and the thematic review provided a similar message,29

we categorized the corresponding SDG target as ‘‘will not be met.’’ Where

the Aichi targets were said to be ‘‘lagging behind’’ attainment and the thematic

review provided amore equivocal message,29 we categorized the correspond-
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ing SDG target as ‘‘uncertain.’’ Where SDG targets were not explicitly dis-

cussed by the CBD28 but progress was uncertain or poor according to the the-

matic review, we also categorized the target as ‘‘uncertain.’’
Tracking Synergies and Trade-offs between Ocean Health, Society,

and the Economy

To understand the relationship between the state of the oceans and social and

economic goals, we explored quantitative examples of interactions:

(1) The intersection between progress toward SDG 1 (End Poverty), SDG

14 (Life belowWater), and an estimate of economic dependence on the

oceans. We chose economic dependence in this instance because it

will have a direct impact on a country’s capacity to fund and implement

policies focused on ending poverty.

(2) The intersection between progress toward SDG 2 (Zero Hunger), SDG

14, and an estimate of food-security dependence on fisheries for each

country. We chose food-security dependence in this instance because

it will have a direct impact on a country’s capacity to achieve zero

hunger.

The assessments of progress toward SDGs 1, 2, and 14 were sourced from

Sachs et al.13 (Table S1). The estimate of economic dependency on the

oceans was the sum of the percentage of GDP provided by fisheries and

tourism (Table S2). Other marine industries contribute to GDP, and as such

our estimates are likely to be a conservative representation of economic

dependence on healthy marine environments, but fisheries and tourism are

the most reliant on healthy ecosystems and therefore are most relevant in

this context. The analysis focused on several small island nations, primarily

in the Pacific, where tourism is predominantly focused on access to marine

ecosystems. It should be noted that the tourismGDP percentages for Tuvalu,

Palau, Micronesia, and the Marshall Islands were based on direct tourism

contributions; the remaining countries were based on total (direct and indi-

rect) tourism contribution to GDP. The fishery GDP percentages were based

on direct contributions to GDP, and as such our analysis presents a conser-

vative estimate of the positive impacts of the oceans on GDP. The metric of

food-security dependence on the oceans was based on data sourced from

Blanchard et al.,44 who estimated the percentage of animal protein provided

by fish protein. It should be noted that the contribution of fish to food-security

component includes freshwater fish.
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