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FOREWORD
Our shared ocean is at risk. 

Two thirds of our planet is covered by the ocean, a system 
that not only supports life on Earth and human well-
being but also regulates the climate. The ocean provides 
oxygen, food, energy, water and raw materials. It offers 
remarkable cultural services and is a source of jobs and 
economic activity across our planet. 

Despite its importance, the future of our world’s ocean is 
at a critical point. Over-exploitation, pollution and climate 
change are causing a serious loss of marine biodiversity. 
Without a healthy ocean all the services it provides will be 
disrupted and the consequences will be dire.

The 2030 Agenda dedicates Sustainable Development 
Goal 14:  Life Below Water to “conserve and sustainably 
use the oceans, seas and marine resources”. As we enter 
the decade for achieving the 2030 Agenda, we need 
urgent action to mitigate the detrimental effects human 
activities are triggering, from those undertaken at sea or 
in coastal areas, to those occurring inland, hundreds of 
kilometres away from the coast. 

A wide range of initiatives across the planet are working 
in this direction.  This includes UNEP’s ecosystem-based 
marine and coastal management and ocean governance 
work: the Sustainable Blue Economy Initiative, the Global 
Programme of Action for the Protection of the Marine 
Environment from Land-based Activities, and efforts of 
the Regional Seas programmes. In addition, scientific 
findings continue to strengthen our knowledge-base for 
ocean policy-making and management solutions, a focus 
of the  UN Decade of Ocean Science for Sustainable 
Development (2021-2030), and the UN Decade for Action 
on Ecosystem Restoration (2021-2030) which UNEP is 
proud to co-lead with numerous partners.

This International Resource Panel report, “Governing 
coastal resources: implications for a sustainable blue 
economy”, outlines key pathways through which land-
based activities influence coastal resources, across 
land-sea boundaries and at multiple spatial scales. This 
report also stresses the need for a holistic governance 
approach that accounts for the connections between 
land-based activities and coastal resources.  The report 
provides practical options to strengthen existing land-
sea governance practices and presents new governance 

structures to reduce the impact of land-based activities 
on coastal resources and support the transition to 
a sustainable blue economy. We have a significant 
opportunity and responsibility to mitigate human impacts.

It is time to act and save our Blue Planet for humanity to 
thrive. I believe this important report of the International 
Resource Panel will make valuable contributions to an 
urgently needed shift towards more comprehensive and 
effective ocean stewardship, placing us on a sustainable 
ocean trajectory that we are all relying on. Business as 
usual is no longer an option. COVID-19 has demonstrated 
that humanity can respond collectively to a shared global 
challenge – let’s build on this to create an unstoppable 
movement for sustainable oceans for All.

Ligia Noronha 
Director, Economy Division  

UN Environment Programme 
(April 2021)
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PREFACE
Historically the management of our ocean has been 
fragmented by natural, legal and administrative 
boundaries. Land-based and ocean-based activities 
have been governed independently creating a disconnect 
between where impacts are experienced and where they 
originate. 

It is widely recognised that land-based human activities 
significantly impact the marine environment. For 
instance, estimates suggest that 80 per cent of marine 
pollution originates on land. Still, there are very few, if 
any, truly effective governance mechanisms that take 
account of land-ocean interactions.

Since 2007 the International Resource Panel has 
provided independent, authoritative and policy-relevant 
scientific assessments on the status, trends and future 
state of natural resources. In this report, our focus is on 
coastal resources, specifically how land-based human 
activities affect the quality and availability of coastal and 
marine resources.

This report identifies the numerous pathways through 
which land-based activities generate impacts on 
coastal resources, acknowledging that they can differ, 
depending on the location, type, condition and resilience 
of the local ecosystems. It also identifies implications for 
the sustainable blue economy of changes to the coastal 
resource base caused by land-based activities. This 
is further explored in detailed assessments of shrimp 
aquaculture and coastal mining.

Based on its scientific findings, the report calls for vastly 
improved governance approaches to reduce the negative 
impacts of land-based activities on coastal resources 
as well as supporting the transition to a sustainable 
blue economy. We have a significant opportunity and 
responsibility to reverse human impacts on our shared 
ocean.

We thank the lead authors and their team for their 
dedicated efforts to draw together an evidence base that 
demonstrates beyond question the need for enhanced 
governance coordination between terrestrial activities 
and marine resources. As the report advocates, future 
governance systems should not be constrained by 
existing boundaries which often disconnect causes 
from effects. Instead greater emphasis should be placed 
on safeguarding our natural resources, advancing the 
sustainable development goals of the Agenda 2030 and 
breaking away from current unsustainable resource use 
patterns. 

Janez Potočnik 
Co-Chair 
International Resource Panel

Izabella Teixeira 
Co-Chair 
International Resource Panel
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EXECUTIVE SUMMARY
Coastal resources - including fish, minerals and energy 
- are critical to people, nature and the economy, and 
are a focus for the emerging sustainable blue economy 
agenda. Whilst there is no globally agreed definition of 
a Sustainable Blue Economy, the working definition in 
this report is an ocean-based economy that provides 
equitably distributed social and economic benefits 
for current and future generations, while restoring 
and protecting the intrinsic value and functionality of 
coastal and marine ecosystems and is based on clean 
technologies and circular material flows (adapted 
from WWF, 2018). It has long been recognized 
that a particular challenge in coastal areas is the 
management of land-based activities that generate 
detrimental impacts on coastal resources in the marine 
environment. Many of these pressures are negative 
externalities of land-based human activities that are not 
taken into account within existing resource-governance 
frameworks. While a range of market-based, non-market 
and other interventions are worthy of consideration, 
the development of improved approaches to land-
sea governance that take account of how land-based 
activities affect the quality and availability of coastal 
resources is the focus of this report.

The primary purpose of the study was to determine 
appropriate governance approaches to reduce the 
effects of land-based activities on coastal resources 
and to support the transition to a sustainable blue 
economy. A secondary purpose of the study was to 
test a new method to identify the pathways through 
which land-based activities affect coastal resources. 
This global study used a Drivers, Pressures, State, 
Impact, Response (DPSIR) framework, which provides a 
structured approach to the study of complex systems. 
The approach was used to assess how global scale 
drivers are pushing the development of land-based 
activities (pressures), which in turn affect the quality and 
availability (state) of coastal resources. The impact of 
changing coastal resources on a selection of sustainable 
blue economy sectors was then considered. Finally, 
the study presents an analysis of possible governance 
responses that can better account for, and ideally 
reduce, the effects of land-based activities on coastal 
resources and thereby support the transition to a 
sustainable blue economy. We used a novel iterative 
evidence-based analysis designed to identify the 
individual and cumulative effects generated by land-

based activities on coastal resources. In total, over 1,000 
separate pieces of evidence were reviewed, supported 
by three workshops to validate and refine the analysis.

We found that land-based activities generate multiple 
impacts of different strength on coastal resources and 
that biotic coastal resources are more impacted by 
land-based activities than abiotic coastal resources 
(however, this could in part be due to fewer studies 
focusing on abiotic resources). There is comparatively 
strong evidence that all biotic coastal resources 
are highly impacted by land-based activities, with 
agriculture, ports/harbours and aquaculture being 
particularly impactful land-based activities. Biodiversity 
was the coastal resource most impacted by land-
based activities. By examining the dependency of 
sustainable blue economy sectors on coastal resources, 
we found that aquaculture, fishing and tourism were 
most vulnerable to changes in the coastal resource 
base arising from land-based activities. In comparison, 
sectors dependent on abiotic coastal resources, such as 
aggregate extraction, were somewhat isolated from the 
effects of land-based activities. 

The results clearly showed that coastal resources, 
particularly living resources, are negatively affected by 
stressors generated by land-based activities that may 
take place at great distances from the coast. Land-based 
activities, however, are currently managed through sector-
specific arrangements with limited, if any, regard for their 
effects on coastal resources. An additional barrier is that 
terrestrial and marine areas typically operate within separate 
governance frameworks with no means of coordination. 
Therefore, in order to ensure the effective conservation 
and sustainable use of coastal resources, it is necessary 
to develop governance approaches that holistically take 
account of the individual and cumulative effects of land-
based activities wherever and in whatever sector they 
originate. In order to be meaningful, the governance 
approach must overcome the legal and administrative 
barriers that result in marine and terrestrial environments 
being treated as separate governance units.

Following a review of existing coastal governance 
approaches that support land-sea coordination, and a 
detailed evaluation of the governance arrangements in the 
extractive and aquaculture sectors, options were generated 
for minimizing the effects of land-based activities on coastal 
resources through improved governance approaches 

Governing Coastal Resources: Implications for a Sustainable Blue Economy
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that also support the transition to a sustainable blue 
economy (summarized in Figure 1). The options are aligned 
to International Resource Panel principles of resource 
efficiency and decoupling. The first group of options are 
intended to strengthen existing practices in land-sea 
governance. These are as follows:

•	 Ecosystem-based management should 
be a guiding principle of coastal resource 
governance, as it provides a holistic approach 
to the consideration of all influences on coastal 
resources (with an emphasis on a healthy 
underpinning ecosystem).

•	 Existing area-based management tools, with 
enhancement and adaptation, should be used to 
counteract the impacts of land-based activities 
on coastal resources (such as marine protected 
areas, marine spatial planning, integrated land-use 
planning and integrated coastal management) 

•	 Improved coordinating mechanisms are needed 
to overcome fragmented governance between 
sectors and between terrestrial and marine 
governance arrangements. 

•	 Implementation-focused capacity development 
programmes should be formulated and 
disseminated to target land-sea governance 
practitioners. 

•	 Filling evidence gaps, particularly related to 
the impacts of land-based activities on abiotic 
coastal resources, should be prioritized and their 
implications for effective governance determined. 

Further options arising from this study provide new insights 
into land-sea resource governance approaches framed 
around resource efficiency and decoupling. These are: 

•	 Coastal governance should focus on the pathways 
connecting multiple land-based activities to coastal 
resources, and should not be constrained by arbitrary 
boundaries such as legal or administrative ones 
that disconnect causes from effects and frustrate 
coordinated governance responses.

•	 Regional regulatory frameworks that place a legal 
obligation on land-based activities to take account 
of coastal resource impacts should be developed 
to reduce the impacts of land-based activities on 
coastal resources.

•	 Natural capital safeguarding on land and at sea is a 
unifying principle that could be used as a common 
cause to connect otherwise fragmented governance 
systems. 

•	 Coastal natural capital needs to be mapped and 
protected, as there is currently a substantial evidence 
gap. 

•	 A stakeholder community must be constructed to 
reflect the pathways connecting land-based activities 
to coastal resources, rather than the typical area-
based stakeholder partnerships currently in place.

•	 Monitoring and evaluation should focus on Impact 
pathways, and not merely on the condition of coastal 
resources.

•	 A decision-support tool is required to support land-
sea governance focused on impact pathways that 
take account of different geographical contexts.

Finally, the new methodology developed and applied in 
this study to better understand and communicate the 
relationships between land-based activities and coastal 
resources has proved to be useful at the generic global 
scale and within the aquaculture and extractive sectors. The 
approach enabled individual and cumulative effects to be 
identified, along with a strong evidence base underpinning 
each assessment. This is an important new synthesis of 
such critical information. A key challenge was the sheer 
time required to determine the scale and direction of each 
relationship between an activity, the stressors it generates 
and the effects of those stressors on multiple coastal 
resources. It must also be recognized that this approach 
can lead to oversimplifications of what are often complex, 
spatially distinctive and dynamic relationships. The 
introduction of regional or national specificity may therefore 
be necessary in future assessments. The approach also 
enabled evidence gaps to be determined. In this study, the 
main gaps identified related to new activities or emerging 
impacts and abiotic coastal resources. However, once 
completed and verified, the relationships are unlikely to 
change substantively and could be embedded within a 
database or online tool to streamline future analyses.
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CRITICAL GOVERNANCE CHALLENGES 

The governance of land-based 
activities rarely considers effects on 
coastal resources. 

Land and sea are often 
governed separately for 
many sectors. 

Impacts arising from land-
based activities may cross 
national borders.  

LAND-BASED ACTIVITIES  GOVERNANCE &COASTAL RESOURCES   OF  

Existing area-based management 
tools, with adaptation, can begin 
to counteract the impacts of land
-based activities on coastal 
resources. 

Improved coordinating mechanisms 
are needed to overcome fragmented 
governance between sectors and 
between land-sea governance 
arrangements.   

Ecosystem-based management 
should be a guiding principle of 
coastal resource governance. 

POLICY RECOMMENDATIONS TO STRENGTHEN  
EXISTING GOVERNANCE FRAMEWORKS 

Land-sea governance 
capacity development 
programmes should 
be formulated and 
disseminated.   

Filling evidence gaps, 
particularly related to 
the impacts of land-
based activities on 
abiotic coastal 
resources, should be 
prioritized. 

Coastal governance should focus on 
the pathways connecting multiple land
-based activities to coastal resources 

and should not be constrained by 
arbitrary boundaries.  

POLICY RECOMMENDATIONS FOR  
NEW GOVERNANCE APPROACHES 

A new regulatory framework is 
needed to secure reduced 

impacts of land-based activities 
on coastal resources. 

Natural capital 
safeguarding on land 

and at sea is a unifying 
principle.  

Coastal natural 
capital needs to 

be mapped 
and protected.  

A stakeholder community 
must be constructed that 

reflects the pathways 
connecting land-based 

activities to coastal resources.  

A decision-support tool 
is required to support 
land-sea governance 
approaches focused 
on impact pathways.  

\ 

\ 

Jurisdictional boundaries Physical divide Impact pathways are ungoverned 

Monitoring and 
evaluation should 
focus on impact 

pathways.  

Figure 1. Summary of coastal governance recommendations

Governing Coastal Resources: Implications for a Sustainable Blue Economy
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GLOSSARY
Abiotic coastal resources: Refers to the physical, non-
living coastal materials that could be utilized by the 
extractive industry.

Aquaculture: Describes the farming of aquatic 
organisms and aquatic plants. Farming implies some 
form of intervention in the rearing process to enhance 
production. Farming also implies individual or corporate 
ownership of the stock being cultivated. Aquaculture 
occurs in both inland (freshwater) and coastal (brackish 
water, seawater) areas.

Biotic coastal resources: Refers to the biological or 
living coastal materials that could be utilized by the 
extractive industry.

Coastal: While there is no formal definition of the area 
encompassed by the term ‘coastal’, in this study we used 
the area defined by a nation’s Territorial Sea and internal 
Waters area as a guide. The Territorial sea is the area 
between a national baseline and 12 nautical miles out to 
sea, which confers the highest level of resource access 
under the UN Convention on the Law of the Sea. Internal 
Waters are the areas landward of a baseline and typically 
include estuaries, bays and river mouths. The Territorial 
Sea and Internal Waters, for most countries, typically 
contain the greatest concentration of resources and 
most of the economic activity within a nation’s maritime 
area. However, some flexibility was used to reflect the 
reality of marine ecological connections. 

Coastal resources: Denotes the coastal raw materials 
that could: provide food, energy and minerals; support 
cultural, recreation, leisure and health opportunities; 
and provide space for critical transport and trade 
infrastructure.

Decoupling: Refers to removing the link between two 
variables. It refers to resource decoupling (the delinking 
of economic growth and resource use) and impact 
decoupling (the delinking of economic growth and 
negative environmental impacts). The term double 
decoupling refers to delinking economic growth from 
resource use and from environmental impacts. Moreover, 
decoupling can be relative (the rate of resource use 
increase is lower than the rate of economic growth) 
or absolute (resource use declines while the economy 
grows).

DPSIR (Drivers – Pressure – State – Impact – 
Response) framework: The DPSIR framework aims 
to provide a step-wise description of the casual chain 
between economic activity (the driver), the pressures 
(land use change, emissions of pollutants), changes 
in the state of the environment (land use change, 
eutrophication) and impacts (such as the loss of nature 
or biodiversity and diminished human health, welfare or 
well-being), which leads to a societal response that then 
changes the driving forces in order to reduce the impacts.

Efficiency: Refers to a broad concept that compares the 
inputs to a system with its outputs. Denotes achieving 
more with less. The system can refer to a production 
process (producing more with less) or an entire 
economy (achieving more usefulness with total input). 
Efficiency includes activities to improve productivity 
(value added / input) and minimize intensity (input / 
value added).

Governance: The frameworks, processes, actors and 
ideas through which decisions and strategies are chosen 
and implemented (Oakerson, 1992; Kooiman et al., 
2008). 

Impact: Refers to the negative environmental impacts 
and unwanted side effects of economic activities that 
can take the form of a loss of nature or biodiversity, as 
well as diminished human health, welfare or well-being. 
Impacts can be intentional or unintentional. Impacts 
occur across all stage of the life cycle, from extraction to 
disposal. 

Land-based: This refers to any activity that takes place 
either fully or partly on land. Activities taking place on 
both land and sea (such as ports or aquaculture) were 
considered as land-based in this report. 

Natural capital: The natural features (living and non-living 
– such as coral reefs, mangroves and gravel beds) that 
underpin human well-being through the production of 
services that benefit society (such as food, flood protection 
and materials).

Persistent toxins: Refers to chemical substances 
persistent in the environment that break down slowly and 
can accumulate in living organisms. These substances are 
also capable of travelling long distances through different 
media.
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Pressure: The Panel uses the term pressure to describe 
environmental pressures. These are pressures caused 
by human activities (commonly tied to the extraction 
and transformation of materials and energy) that are 
changing the state of the environment and leading to 
negative environmental impacts. Priority environmental 
pressures identified by the Millennium Ecosystem 
Assessment are habitat change, pollution with nitrogen 
and phosphorus, overexploitation of biotic resources 
such as fisheries and forests, climate change and 
invasive species. 

Resource efficiency: Denotes an overarching term 
describing the relationship between a valuable outcome 
and the input of natural resources required to achieve 
that outcome. It is the general concept of using less 
resource inputs to achieve the same or improved output 
(resource input/output). It indicates the effectiveness 
with which resources are used by individuals, 
companies, sectors or economies. Resource efficiency 
can be achieved by increasing resource productivity 
(value added/resource use) or reducing resource 
intensity (resource use/value added).

Sedimentation: Refers to the action or process of 
forming, depositing or reducing sediment, including 
erosion.

Socioecological System: This describes the idea that 
social and ecological systems should not be considered 
as separate, but as a single integrated system that 
connects society, the economy, politics and the 
ecosystem (Ostrom, 2009). Through this lens, governing 
resources requires an understanding of human systems 
as much as natural systems. 

Sustainable Blue Economy: The working definition 
of a Sustainable Blue Economy adopted in this report 
is an ocean-based economy that provides equitably 
distributed social and economic benefits for current and 
future generations, while restoring and protecting the 
intrinsic value and functionality of coastal and marine 
ecosystems and is based on clean technologies and 
circular material flows (adapted from WWF, 2018).

Turbidity: Denotes the optical property of liquids that 
measures the scattering and/or absorption of light.

Glossary
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Coastal resources are critical to people, nature and 
the economy. Coasts provide food, energy and 
minerals; support cultural, recreation, leisure and health 
opportunities; and provide space for critical transport 
and trade infrastructure (Martínez et al. 2007; OECD, 
2016; Nairobi Statement of Intent 2018). Climate 
change is negatively impacting coastal ecosystems 
(particularly the upper water column, coral, wetlands 
and kelp), the human systems that depend on them 
(particularly fisheries, tourism and habitat services) and 
is causing changes to the physical characteristics of 
the ocean, including rising sea levels, warming waters 
and acidification (IPCC, 2019). As such, climate change 
adaptation and disaster risk reduction in coastal areas 
are key governance considerations. 

Coastal resources are a focus for the emerging 
‘Sustainable Blue Economy’ agenda. Whilst there is 
no globally agreed definition of a Sustainable Blue 
Economy, the working definition adopted in this report 
is an ocean-based economy that provides equitably 
distributed social and economic benefits for current and 
future generations, while restoring and protecting the 
intrinsic value and functionality of coastal and marine 
ecosystems and is based on clean technologies and 
circular material flows (adapted from WWF, 2018). 
This aligns with the assertion in the Global Resources 
Outlook (IRP, 2019a) that the decoupling of natural 
resource use and environmental impacts from economic 

activity and human well-being is an essential element 
in the transition to a sustainable future. Selected 
sustainable blue economy sectors are presented in 
Figure 2.  

Coasts are complex confluences of people, resources 
and nature. It has long been recognized that a particular 
challenge in coastal areas, particularly in small island 
developing States, is the management of land-based 
activities that have detrimental impacts on coastal 
resources (Xue, Hong and Charles, 2004; Primavera, 
2006; Wilkinson and Salvat, 2012; Halpern et al., 2015). 
In this report, ‘land-based‘ refers to any activity that 
takes place either fully or partly on land. As such, 
activities taking place on both land and sea (such as 
ports and aquaculture) were considered within the 
definition of land-based activities. 

Examples of impacts on coastal resources arising from 
land-based activities include mangrove removal to make 
way for hotel or aquaculture development (which releases 
stored sediment that smothers nearby delicate coral 
ecosystems) (Richards and Friess, 2016), nutrient-rich 
domestic waste discharges from cities that strip oxygen 
from marine waters suffocating marine life, and protein 
demand from urban populations pushing 33 per cent 
of the world’s fish stocks to be fished beyond biological 
sustainability (FAO, 2018a). Many of these pressures are 
negative externalities of land-based human activities that 
are not taken into account within existing governance 

Figure 2. Selected sustainable blue economy sectors
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frameworks (Lu et al., 2018). Plastic packaging, for 
example, which is used across a range of industries, 
generates significant environmental impacts in terms of 
carbon emissions, wastewater and marine debris that are 
currently unaccounted for in any meaningful way (World 
Economic Forum et al., 2016). 

While there is no formal definition of the area 
encompassed by the term ‘coastal’, we used the area 
defined by a nation’s Territorial Sea and Internal Waters 
area as a guide. The Territorial Sea is the area between 
a national baseline and 12 nautical miles out to sea, 
which confers the highest level of resource access 
under the UN Convention on the Law of the Sea. Internal 
Waters are the areas landward of a national baseline and 
typically include estuaries, bays and river mouths. The 
Territorial Sea and Internal Waters, for most countries, 
typically contain the greatest concentration of resources 
and most of the economic activity within a nation’s 
maritime area. However, some flexibility was used to 
reflect the reality of marine ecological connections. 
For example, offshore fisheries can rely on fish with a 
coastal life stage (in mangrove nurseries), which may be 
affected by land-based activities that can in turn impact 
the offshore fishery. 

Developing more effective approaches to the 
governance of land-based activities to limit their impacts 
is therefore key to conserving coastal natural capital 
and associated services upon which humans depend 
(Lu et al., 2016). Yet governance responses to coastal 
resource problems that originate from land remain as 
difficult as ever to address, and are likely to become 
more so as the impacts of climate change, such as 
acidification and warming, take hold (Harley et al., 2006; 
Lu et al., 2018). These challenges are reflected in the 
UN Sustainable Development Goals (SDGs) (United 
Nations, 2015), particularly SDG 14 that aims to achieve 
the sustainable use of the marine environment and 
resources. SDG 14 targets include ‘preventing and 
significantly reducing’ marine pollution of all kinds, in 
particular from land-based activities, including marine 
debris and nutrient pollution, by 2025 (target 14.1) and 
by 2020 to sustainably manage and protect marine and 
coastal ecosystems to avoid significant adverse impacts 
(target 14.2) on the services they provide (including 
fisheries, aquaculture and tourism). SDG 6 also targets 
an improvement in water quality by reducing pollution by 
2030 (target 6.3), and protection and restoration of water 
related ecosystems by 2020 (target 6.6).

In parallel, there is an increasing international emphasis 
on the use of coastal resources to stimulate jobs 
and innovation through ‘sustainable blue economy’ 
policies. The global ocean-based economy is estimated 
to be worth $3 trillion USD per year, which is five per 
cent of global GDP (United Nations, 2019). It is widely 
acknowledged that blue economic growth must not 
degrade the natural capital upon which it depends nor 
should it generate an inequitable distribution of benefits. 
For example, the European strategy to develop its 
maritime economy is based on the premise that healthy 
marine ecosystems are more productive and therefore 
underpin sustainable blue economies. This drive is largely 
shared by the private sector, which is increasingly seeking 
to integrate its use of coastal resources with measures 
to safeguard the coastal environment (Neumann 
et al., 2017). Achieving the full potential of the blue 
economy involves recognizing and tackling the negative 
externalities from land-based activities. Indeed, the recent 
International Resource Panel (IRP) think piece on land 
restoration noted co-benefits to the delivery of all SDGs 
and recommended an integrated landscape approach 
as key to increasing the total return on land restoration 
investments (IRP, 2019b). 

The transition to a sustainable blue economy is 
an opportunity to drive towards gender equality in 
ocean-related employment, leadership, involvement in 
policymaking and management and research, thereby 
making a strong contribution to the 2030 Agenda - as 
advocated during World Oceans Day 2019. In order to fulfil 
global sustainable blue economy ambitions, there is a 
need to develop new ‘blue’ governance systems for coastal 
areas. These must incorporate the full range of economic 
sectors that depend upon coastal resources and take 
account of activities originating on land that affect coastal 
resources. The primary aim of the study is therefore to 
determine appropriate governance approaches to reduce 
the impact of land-based activities on coastal resources 
and to support the transition to a sustainable blue 
economy. A secondary aim of the study is to test a new 
method to identify the pathways through which land-based 
activities impact coastal resources.  

To achieve these aims, it is first necessary to understand 
how large-scale processes drive land-based activities, 
how these then influence the state of coastal resources 
and the extent to which blue economy sectors are 
vulnerable to changes in resource condition or availability. 
These impact pathways are complex, as they cross the 
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land-sea boundary and operate at multiple spatial scales. 
The following example illustrates the complexity: human 
migration to the coastal zone can drive manufacturing 
growth, which can generate pollution (including plastics) 
that enters the ocean through surface water runoff 
or through poor waste and wastewater management 
practices. This then affects the characteristics of marine 
ecosystems and influences the state of biodiversity. In 
turn, this can disadvantage biodiversity-dependent blue 
economy sectors, such as fisheries. 

Each step in the pathway linking population growth 
to fisheries is typically governed independently, with 
little consideration of implications for other sectors 
or activities. This is often further complicated by 
governance arrangements on land and at sea 
being entirely unconnected from where impacts 
are experienced, sometimes in different national or 
international jurisdictions to those where the impact 
originated. The impact and governance separation 
creates challenges when responding to land-based 
effects on coastal resources. In these situations, the 
impact pathways pass through multiple governance 

settings, and this hampers the actions that would be 
necessary to manage the any negative effects, or indeed, 
support positive change. Key to overcoming these 
governance challenges is the ability to determine the 
linkages between land-based activities and their effects 
on blue economy sectors, in order to frame and develop 
appropriately targeted interventions.

Attempts to develop and implement effective 
governance systems that reflect the connectivity 
between land-based activities and coastal resources 
are hindered by three interlinked knowledge gaps: 1) 
incomplete scientific understanding of the cumulative 
effects arising from land-based activities and the 
vulnerability of blue economy sectors to those impacts; 
2) a lack of knowledge of the impact pathways that 
connect land-based activities to coastal resources; 
and 3) a lack of effective governance frameworks that 
genuinely take account of the connections between 
land-based activities and coastal resources, particularly 
at the national scale. Table 1 demonstrates how this 
study contributes to each of these knowledge gaps.

A_
Le

si
k/

Sh
ut

te
rs

to
ck



21

Introduction

Knowledge 
gap

Associated challenge(s) Objective(s) of this study 

Scientific 
knowledge

Scientific studies describing cause 
and effect relations between 
land-based activities and coastal 
resources tend to focus on single 
resources and/or impacts and ignore 
complex and cumulative impacts.

•	 Aggregate and synthesize current scientific 
knowledge in order to provide a holistic 
overview of multiple impacts. 

•	 Assess the quality and strength of current 
evidence and highlight gaps in knowledge.

Impact 
pathways

Most scientific studies and industry 
assessments do not fully describe 
impact pathways or assess the 
cumulative impacts arising from 
multiple pathways. 

•	 Highlight the pathways through which land-
based activities impact coastal resources.

•	 Provide a comprehensive framework through 
which the cumulative impact pathways of land-
based activities upon coastal ecosystems and 
resources can be assessed.

Governance 
response

Many governance mechanisms 
cannot accommodate impact 
pathways crossing between land and 
sea.

•	 Present options for enhanced land-sea 
governance that recognizes impact pathways 
crossing between land and sea and that 
support the transition to a sustainable blue 
economy. 

Table 1. Summary of knowledge gaps and the contribution of this study to filling them

In achieving the objectives set out in Table 1, this 
study will provide a holistic picture of the effect 
of land-based activities on coastal resources and 
propose governance responses to address those 
effects. The main body of the report presents a global 
analysis of the multiple pathways through which 
land-based activities can affect coastal resources 
(chapters 2 to 4), which is followed by an assessment 
of the vulnerability of the economic sectors that rely 
upon coastal resources, with a view to determining 
implications for the blue economy (chapter 5). The 
global analysis is enriched by a detailed examination 
of coastal mineral extraction and aquaculture as 

examples of land-based activities with significant 
impacts on coastal resources (chapters 6 and 7), 
before governance recommendations are developed 
to better account for the effects of land-based 
activities on coastal resources and support the 
transition to a sustainable blue economy (chapter 8). 
The report does not undertake an economic analysis 
of the impacts of land-based activities on coastal 
resources, nor does it consider the financial cost of 
specific governance options or funding opportunities 
to meet those costs.
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2.1	 Analytical framework

The study adopts the Drivers, Pressures, State, Impact, 
Response (DPSIR) framework as its conceptual 
underpinning to enable a systems-based analytical 
approach. This was selected as it provides a globally 
recognized and scientifically credible framework through 
which interconnected elements of a complex system 

can be meaningfully interpreted and (in part) to provide 
consistency with other International Resource Panel 
(IRP) reports, the majority of which also use the DPSIR 
framework. The elements of the DPSIR framework, 
along with their interpretation in this study, are presented 
in Table 2 and Figure 3. 

Element Definition

Driver These are major forces that affect the environment, whether societal (such as energy 
development and demographics) or natural (such as climatic or oceanographic processes). 
In this study, drivers relate to the forces that shape the development and scale of relevant 
land-based activities.

Pressure These are the human activities that generate stress on the environment. In this study, these 
are land-based activities that have the potential to affect coastal resources. Pressures can 
generate stressors that affect the state of coastal resources.

State This is the condition of the environment, including attributes that are important for society 
and/or for the functioning of an ecosystem. In this study, state refers to the condition and 
availability for use of coastal resources, which can be affected by the stressors generated 
by pressures.

Impact This is a measure of change in the condition or availability of environmental attributes 
and the associated availability of benefits to society. In this study, impact relates to how 
a change in the state of a coastal resource has the potential to affect sustainable blue 
economy sectors. 

Response These are societal interventions intended to shift a system to deliver desirable outcomes. 
This typically takes the form of efforts to reduce or remove pressures on the environment. 
In this study, responses are governance interventions.

Table 2. Components of the DPSIR framework.
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DRIVERS

DPSIR

PRESSURES

RESPONSE

STATE

D

P

S

I

R

Global driving forces of 
land-based activities

Land-based activities 
(start-up, use and 

end-of-life phases)

Drivers: Forces, societal (e.g. demographics) and natural (e.g. climatic processes), 
that shape the development and scale of relevant land-based activities.

Selected items of analysis

Pressures: human activities that generate stress on the environment. In this study, 
these are land-based activities (e.g. ports and harbours) that have the potential to 
affect the coastal environment and the resources it contains.

Response: Societal interventions intended to shift a system to deliver desirable 
outcomes.  In this study, responses are governance interventions.

Impact: A measure of change in the state of a coastal resource that has the potential 
to affect blue economy sectors.

State: The condition and availability (for use) of coastal resources, which can be 
affected by the stressors generated by pressures.

Condition and 
availability (for use) of 

coastal resources

Governance 
intervention

IMPACT
How a change

in resource state
affects blue economy

sectors

Impacts on: the blue 
economy sector that 
altered the state of 

the resource

Impacts on: other 
blue economy 

sectors dependent 
upon the resource

Figure 3. Illustration of the DPSIR framework.

The DPSIR approach was used to structure the study 
into the following steps:

i.	 Identification of global forces driving land-
based activities (drivers). Drivers were identified 
by reviewing relevant documents including UN 
Environment Global Environment Outlook reports, 
UN Environment Frontiers reports, the UN World 
Ocean Assessment and reports from the World 
Bank, Food and Agriculture Organization (FAO) and 
the Organisation for Economic Co-operation and 
Development (OECD). Drivers particularly relevant 
to land-based activities and coastal resources 
were prioritized for inclusion in the study.

ii.	 Identification of relevant land-based activities 
(pressures). The land-based activities included as 
pressures were identified by logical extension from 
the drivers identified in step i plus expert views 
of their known influence on coastal resources. 
The resulting list of activities is not exhaustive 
but captures the land-based activities considered 
most likely to generate the most significant 
pressures on coastal resources. Each land-

based activity includes consideration of its entire 
life cycle, including start-up, use and end-of-life 
phases. Each pressure generates one or more 
stressors, which in turn have the potential to affect 
the state of coastal resources.

iii.	Identification of the effects of land-based 
activities on coastal resources (state). In order 
to determine the effects of land-based activities 
(pressures) on coastal resources (state), a 
structured analytical process was developed and 
applied. This consisted of three interconnected 
analyses: 1) an evidence-based review of the 
natural stressors (such as sedimentation) and 
non-natural stressors (such as plastic pollution) 
generated by each land-based activity; 2) an 
evidence-based review of how the stressors 
generated by land-based activities affect the 
condition and availability of coastal resources; 
and 3) a synthesis of steps 1 and 2 to directly 
demonstrate the effects of land-based activities on 
coastal resources.
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iv.	 Identification of how coastal resource change 
affects sustainable blue economy sectors 
(impact). An assessment of the dependency 
of relevant sustainable blue economy sectors 
on coastal resources was undertaken based on 
published evidence and expert views. The level 
of dependency allowed the vulnerability of each 
sector to coastal resource change (driven by land-
based activities) to be determined. 

v.	 Case study analysis of aquaculture and mineral 
extraction. Two detailed case studies were 
undertaken to further explore the connections 
between land-based activities and coastal 
resources. While recognizing that both aquaculture 
and mineral extraction can occur on land or at sea, 
in this study they were considered as land-based 
activities. The case studies allowed for more 
detailed consideration of governance approaches 
with the potential to ensure that the effects of 
land-based activities on coastal resources are fully 
recognized and addressed. The case studies also 
enabled the analytical method to be tested within 
two sector-specific contexts. 

vi.	 Identification of governance options to reduce 
the effects of land-based activities on selected 
sustainable blue economy sectors (response). An 
analysis of existing and relevant land-sea governance 
approaches was undertaken to determine plausible 
governance approaches that take account of 
the multiple connections between land-based 
activities, coastal resources and sectors within the 
sustainable blue economy. This analysis, along 
with the governance analysis in the case study 
chapters, provides the basis for the governance 
recommendations arising from this study.

These steps and the associated data collection process 
(described in section 2.2) were developed at a face-to-
face international expert workshop held in Beijing in 
January 2016 and approved by a meeting of the IRP in 
2017. Each step of the method has received extensive 
peer review. The analysis described in stages i to iv was 
reviewed and validated during two international expert 
online workshops in mid-2018, and the case study 
reviews were refined and validated at a workshop in 
Beijing in January 2019. This report was independently 
and anonymously peer reviewed, with over 340 
individual comments received and addressed.

2.2	 Data collection and analysis

This study drew the vast majority of its evidence base 
from the published scientific literature, supplemented by 
expert opinion in the event of evidence gaps. Analytical 
steps i to vi (presented in section 2.1) required identification 
and characterization of the relationship between every 
land-based activity (such as tourism or forestry), the 
stressors generated by each of those activities (including 
sedimentation or release of toxins) and the effect of each 
stressor on every coastal resource (such as change in 
resource quality or availability). This involved undertaking 
individual evidence reviews to determine the scale and 
direction of each relationship. 

In practical terms, each review involved searching online 
databases and catalogues to find relevant published 
evidence. Multiple databases were searched to ensure 
full coverage of the published evidence, with emphasis on 
the Web of Science Core Collection (due to its high quality 
standards). Careful consideration was given to the choice of 
keywords and the design of each search to ensure that each 
one was as specific as possible. Moreover, recognizing that 
oceanographic processes vary depending on a study site’s 
depth and distance to the coastline, studies from a variety of 
marine environments were included, with a general focus on 
environments within Internal Waters and the Territorial Sea. 
Finally, as is common in this type of research, each evidence 
search was time-limited in order to ensure consistency 
between searches, to make allowances for the different 
scales of available evidence and to ensure that the research 
process was not skewed towards (or away from) particular 
topics. In total, 253 structured time-limited searches were 
undertaken – one for each relationship assessed.

The studies found through each search were assessed 
(not in a time limited manner) in order to determine the 
quality and robustness of their methodology and findings. 
The appropriateness of the data collection and analytical 
methods, as well as the robustness of the results and 
conclusions, were used to determine the credibility of the 
evidence. In order to evaluate the overall strength of the 
body of evidence, the literature gathered through each 
review was assessed according to 1) the size of the body 
of evidence (as determined by search results) described as 
being relatively large, medium or small; and 2) the quality of 
the body of evidence using an average rating that assessed 
the quality and robustness of the methodologies used in 
the underlying evidence base. The classification system of 
the evidence included in this study is presented in Table 3. 
Studies and reports deemed to be of low quality were not 
included in the study. 
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Strength of 
evidence

Definition What it means

Very strong High quality body of evidence, 
large in size, consistent and 
contextually relevant.

We are very confident that the intervention does or 
does not have the effect anticipated. The body of 
evidence is very diverse and highly credible, with 
the findings convincing and stable.

In
cl

ud
ed

 in
 s

tu
dy

 

Strong High quality body of evidence, 
large or medium in size, highly 
or moderately consistent and 
contextually relevant.

We are confident that the intervention does or 
does not have the effect anticipated. The body of 
evidence is diverse and credible, with the findings 
convincing and stable.

Medium Moderate quality studies, medium 
size evidence body, moderate level 
of consistency. Studies may or 
may not be contextually relevant.

We believe that the intervention may or may not 
have the effect anticipated. The body of evidence 
displays some significant shortcomings. There are 
reasons to think that contextual differences may 
unpredictably and substantially affect intervention 
outcomes.

Limited Moderate-to-low quality studies, 
medium size evidence body, low 
levels of consistency. Studies 
may or may not be contextually 
relevant.

We believe that the intervention may or may not 
have the effect anticipated. The body of evidence 
displays very significant shortcomings. There 
multiple are reasons to think that contextual 
differences may substantially affect intervention 
outcomes.

N
ot

 in
cl

ud
ed

 in
 s

tu
dy

No evidence No/few studies exist. There is no plausible evidence that the intervention 
does/does not have the effect indicated.

Table 3. Criteria used to assess the strength of the evidence used in the DPSIR analysis
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2.3	 Limitations and uncertainties

When interpreting the findings, the following cautions 
and limitations should be considered:

•	 The analysis is largely based on evidence derived 
from the published scientific literature: As with any 
study that draws heavily from the academic literature, 
the relationships and assertions presented within 
this study are constrained by the reliability of the 
underlying evidence base. To offset this risk, several 
steps were taken: 1) stringent quality controls were 
applied to ensure that only relevant and high-quality 
evidence was included in the study; 2) the evidence 
was compiled and reviewed by knowledgeable 
scientists who could exercise their professional 
judgement to identify and filter out errant evidence; 
3) the evidence included in the study (over 1000 
individual sources) represents a wide variety of 
authors, institutions, locations and methods, and 
systematic bias or error is therefore unlikely; and 
4) within the framework of the study, two expert 
workshops were held to independently review and 
validate the analysis of the evidence reviews. 

•	 Complex relationships between impact and 
response: Coastal environments, and the dynamics 
of the resources they contain, are extremely complex. 
Therefore, many of the relationships assessed may 
be non-linear, contain tipping points and thresholds 
and involve a combination of additive, synergistic 
and antagonistic relationships. In addition, the nature 
of the relationships is often taxa specific, may vary 
through space and time and may be enhanced or 
dampened by natural variability in conditions. Such 
complexity can lead to unpredictable and abrupt 
changes in ecosystems and resources that are 
difficult to predict and explain. As such, the simple 
summary of the relationship between individual 
pressures, stressors and state masks considerable 
complexity. Where possible, this variation has 
been taken into account in the assessment of the 
relationship between activities, stressors and coastal 
resources, using the professional judgement of the 
research team and independent experts.

•	 Space, time, location and intensity of activities 
and stressors: The influence of a stressor will 
vary depending upon many factors including the 
existing condition of the impacted resource (for 
instance, if it is recovering from previous impacts); 
the intensity, duration, frequency and spatial scale 
of the perturbation; and if there are other stressors 
impacting it at the same time. As the study seeks 
to provide globally relevant findings, it is possible 

that the full range of geographic variation has 
not been captured and regional variation may be 
underrepresented, particularly as a high proportion of 
studies originate in the global North. However, where 
possible, this variation has been taken into account 
in the assessment of the relationship between 
activities, stressors and coastal resources, using 
the professional judgement of the above-mentioned 
researchers and specialists. 

•	 Selection and classification of activities, stressors 
and resources: While the relationships and pathways 
considered in this study were selected according to 
published literature and expert opinion in order to 
cover the most prevalent and damaging ones, the 
list of possible activities, stressors and resources 
is vast. As such, additional impact pathways will 
exist but are outside the scope of this study. In 
order to undertake meaningful analysis of individual 
land-based activities and to avoid double counting 
of impacts, it was necessary to subdivide certain 
activities. For example, ‘tourism and recreation’ could 
be interpreted to be extremely multifaceted, including 
transport, infrastructure, food, energy and sewerage 
disposal. However, in our analysis, sewerage/waste 
discharge and infrastructure were considered to 
be such significant cross-cutting issues that they 
required their own activity class. As such, there is a 
possible risk of under-representing the impacts of 
tourism and recreation on coastal resources without 
taking into account the other elements of the activity. 
Where appropriate, this is noted in the discussion of 
the results.

•	 Scientific knowledge and bias: It is expensive, time 
consuming and logistically challenging to collect 
field data from multiple ecosystems in order 
to accurately represent how coastal resources 
respond to multiple pressures. Therefore, 
there remains uncertainty about some of the 
relationships and significant gaps and potential 
biases in our understanding – principally in 
relation to the impact of activities and stressors 
upon abiotic or newly exploited resources.

28
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3.1	 Introduction 

The aim of this chapter is to identify the principal influences 
driving coastal change. Drivers are the factors, be they 
natural or human-induced, that prompt broader changes. 
Drivers may have an explicit influence on ecosystem 
processes or a more diffuse influence by altering the scale 
or rate of change. As all drivers are complex, vary in space 
and time and rarely act in isolation, it is seldom possible to 
identify causal links between specific drivers and specific 
ecosystem changes. As such, for the sake of clarity, we 
examined each driver separately, recognizing that this 
is a simplification and that driving forces are usually 
multiple and interactive. While the COVID-19 pandemic 
may influence aspects of the projections presented in this 
chapter, the overall direction of the drivers themselves 
is unlikely to change fundamentally. As well as setting 
the broader setting of this study, the following drivers 
were used to inform the choice of land-based activities 
(pressures in the DPSIR framework) carried into the 
remainder of the study. 

3.2	 Drivers

Urbanization

Over the last six decades, the global urban population 
increased rapidly from 30 per cent in 1950 to 54 per cent 
in 2014 (Figure 4). By 2030, 60 per cent of the world’s 
population is expected to live in urban areas (UNDESA 

Population Division, 2015). While urbanization is a global 
trend, the level and rate of urbanization varies between 
regions. The fastest increase in urban population is 
expected to occur in Africa and Asia, in particular in China, 
India and Nigeria (UNDESA Population Division, 2015). The 
main contributors to urbanization are natural increases 
of urban populations, migration from rural areas and the 
annexation or reclassification of previously rural areas.

The World Ocean Assessment (UN, 2016) found that 13 
per cent of the global urban population lives in coastal 
areas. This includes many of the world’s largest cities and 
megacities, such as Rio de Janeiro, New York, Mumbai, 
Dhaka, Tokyo, Lagos and Cairo (Inniss et al., 2016). The 
urban population of coastal cities is expected to continue 
to grow. For example, in the Caribbean, the coastal 
urban population is expected to increase to 75 per cent 
by 2025 (UNEP, 2016c). Similarly, in the East Asia and 
Pacific region, the coastal urban population is projected to 
grow by an additional 325 million people by 2025 (UNEP, 
2016b). In Africa, home to six of the ten countries with the 
fastest urbanization rates, many of these growing cities 
lie on the coast (UNEP, 2016a). Urbanization therefore 
directly contributes to coastal infrastructure, ports and 
harbour development and potentially land reclamation. 
Urbanization has direct effects on biodiversity and the 
state of the coastal environment, and this inherently 
translates into socioeconomic vulnerability.

Figure 4. The world’s urban and rural populations, 1950-2050 (Source: United Nations, 2015).
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Population growth

By 2030, the global population is projected to reach 8.6 
billion people (United Nations, 2019). Over half of the 
projected population growth is expected to occur in 
Africa, while Europe is the only region where population 
is predicted to be smaller in 2050 than in 2017 (United 
Nations, 2019). It is important to note that global 
demographic change, particularly falling birth rates, is 
causing a slowing of population growth rates and may 
in time reduce the pressures associated with population 
growth (UNEP, 2012), though overall population is still 
projected to grow by 2100 (Figure 5). 

The continued growth of the global population puts 
increasing pressure on the planet’s coastal and marine 
resources. In 2017, nearly 2.4 billion people (about 40 
per cent of the world’s population) lived within 100 km 
of the coast (United Nations, 2017). Population growth 
is a key driver for several land-based activities related to 
the provision of food, water and energy. These include 
fishing, aquaculture, agriculture, deforestation and salt 
extraction, as well as oil and gas production and marine 
renewable energy production (United Nations, 2016). 
With a large part of the world’s population already 
living in coastal areas, global population growth - as 

with urbanization - is a driver for coastal infrastructure 
development and associated activities such as ports 
and harbours, land reclamation, mining and wastewater 
discharge, as well as tourism and recreation.

Industrialization

Industrialization (or the rapid development of industries 
in a country or region on a large scale, often in 
association with urbanization) has changed the Earth 
significantly over the last 200 years. Global economic 
output in the twentieth century grew 20 fold (UNEP, 
2012). Continuing discovery and development of better 
and more efficient technologies have ensured continued 
industrialization in the developed world, while developing 
countries are experiencing widespread industrialization 
as their capacity and economies grow. Globalization is 
a contributing factor to industrialization in developing 
countries, as international companies move their 
production to where labour is cheapest. While the 
projected growth of every industry to 2030 is different, 
as an illustration, construction industry output is forecast 
to grow by 85 per cent to USD $15.5 trillion worldwide 
by 2030, with China, India and the United States 

Figure 5. Global population trends – estimates for 1950 to 2015 and projections for 2015 to 2100 
 (Source: United Nations, 2019).

Drivers of Coastal Change
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together accounting for 57 per cent of all growth (Global 
Construction Perspectives and Oxford Economics, 2015), 
although the COVID-19 pandemic sets these projections 
in an uncertain light.

Increasing technological capability facilitates growth 
across all industries, as equipment and machines 
become cheaper and more efficient. Industrialization 
of agriculture and forestry allows farming and forestry 
practices to take place across larger areas for less 
effort, particularly in developing countries where 
these sectors are shifting away from manual labour 
and where food security is a priority. Land clearance 
on an industrial scale paves the way for agriculture, 
aquaculture and other land-use changes such as 
urban expansion, building infrastructure, plants and 
factories. Industrialization of the global fishing fleet 
has expanded catch capabilities and has significantly 
reduced fish stocks on a global scale (Thurstan et 
al., 2010; Anticamara et al., 2011). New technologies 
have facilitated staggering growth of the extractive 
industries, for example rock drilling capacity has 
increased exponentially throughout the twentieth 
century (ICMM, 2012). Space, transportation and 
infrastructure required for industrial goods, as well as 
technological improvements, are linked to the expansion 
of the shipping industry and the building of ports and 
harbours. Lastly, industrialization has facilitated, and is a 
driver of, land reclamation, with over 90 per cent of new 
land reclamation taking place in China (an average of 
120km2 per year) primarily for commercial or residential 
use (Duan et al., 2016). 

Climate change

Global climate change has numerous, widespread 
impacts on human and ecological systems that act in 
isolation and cumulatively (Inniss et al., 2016; Masson-
Delmotte et al., 2018), as well as being a key driver 
of change in many of the land-based activities that 
exert pressure on coastal and marine ecosystems. 
Shifts and changes in seasons and rainfall patterns 
require changes in agricultural practices, while climate 
change mitigation is driving reforestation initiatives 
and marine renewable energy development. Changing 
weather patterns increase volatility in the salt-extraction 
industry, which provides rock salt for de-icing and food 
preservation, amongst other uses. Increasing ocean 
temperatures and acidification are already affecting 
fish stock compositions and distributions, as well as 
driving change in fishing and aquaculture activities. 
Accelerated sea level rises and the amplification of 
extreme storm events are a threat to low-lying coastlines 
through erosion and flooding and are a driver for the 
development of coastal defense infrastructure, while 
sea level rise can also cause increased saline incursion 
in soil (damaging agricultural productivity). Increasingly 
frequent and intense storms also pose a risk for 
submarine cables. Finally, the melting of the Arctic sea 
ice is opening new shipping routes between the Atlantic 
and the Pacific Oceans.
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Migration

Humans have always migrated, but with economic 
growth and major developments in international 
transportation over the last century, migration has 
significantly increased. There are many reasons for 
migration including political, environmental (especially 
due to climate change) and economic. The World Cities 
Report 2016 highlighted international migration as a 
major issue for cities, while rural-to-urban migration was 
a major driver of city growth in the twentieth century and 
is a major driver of city growth in Africa  
(UN-Habitat, 2016). Currently, the largest receivers of 
international migrants are the United States of America, 
Saudi Arabia, Germany, Russian Federation, United 
Kingdom of Great Britain and Northern Ireland and United 
Arab Emirates, while the originating countries for most 
international migrants are India, Mexico, China, Russian 
Federation and Syrian Arab Republic (UNDESA, 2019).

Within-region migration is also significant. In 2011, 
for example, 31 per cent of the urban population in 
China was estimated to represent within-country rural-
urban migration (UN Habitat, 2016). Migration is far 
from affecting exclusively coastal areas, particularly in 
population-dense Europe, but is a significant contributor 
to coastal population growth and urbanization 
(Neumann et al., 2015). Between 1970 and 2000, nearly 
all coastal ecosystems, as categorized by the Millennium 
Ecosystem Assessment, experienced net in-migration 
(de Sherbinin et al., 2012). Migration is a significant 
contributor to increasing population and urbanization 
in the coastal zone, particularly cities, which contribute 
to urban expansion and the development of coastal 
infrastructure. 

Increased personal wealth and living standards

Global Gross Domestic Product (GDP) has grown every 
year since 1961, except for 2009 when it shrank by 1.7 per 
cent following the financial crash of 2008. As a result of 
the COVID-19 pandemic, it is thought that 2020 may also 
see a reduction in GDP far greater than in 2009. Global 
personal wealth has grown every year since 2000, with 
the contribution to growth from lower income economies 
rising as personal wealth increases in less developed 
countries. Increased personal wealth and the resulting 
rise in living standards have pushed up consumption 
of energy, food and luxury goods. Expansion of these 
sectors, driven by higher personal wealth, will increase 
the pressures on coastal resources and the marine 
environment. Per-capita food consumption will rise 
through 2017-2026, though at a lower rate than the 

previous decade (OECD & FAO, 2017), while an upturn 
in online sales and associated packaging increases the 
amount of material reaching landfill. This will increase 
pressure on the environment from agriculture, water 
abstraction, forestry, aquaculture and fishing. Demand for 
food-grade salt will also surge, driving up activity in the 
salt extraction industry. 

The World Energy Outlook 2016 predicts a 30 per cent 
rise in global energy demand to 2040, with the energy 
sector’s carbon emissions also continuing to grow 
(IEA, 2016). In the 2040 scenario, renewable energy 
contributes to nearly 60 per cent of power generation, 
with the majority coming from wind and solar energy. 
The marine renewables sector is expected to continue 
to grow, as is offshore oil and gas extraction. Submarine 
cables and pipelines, which form the infrastructure 
of these industries, will increase in number. Rising 
personal wealth will also drive up tourism and recreation, 
particularly in developing countries. However, there are 
competing views. Growing youth and public support 
for climate action may affect energy demand, as might 
possible changes in public attitude to the environment 
arising from COVID-19, as well as more plausible 
scenarios emphasizing sustainable energy options. For 
example, the International Resource Panel ‘Towards 
Sustainability’ scenario proposes interventions that slow 
the growth of resource use, while incomes and other 
well-being indicators improve and key environmental 
pressures fall (IRP, 2019a). 

Globalization 

Globalization can be defined as the increasing linkages 
between different parts of the world through trade, 
communication, finance and technology. Globalization 
makes it possible for trends in other drivers to generate 
pressure in specific parts of the world. Following 
the transport and technology boom of the twentieth 
century and opening of global markets, globalization 
has become a prominent feature of modern society. 
However, many are starting to argue that increasing 
isolationism within some countries marks a turn in the 
tide of globalization; world trade is no longer growing 
at the same rate as the global economy (Wolf, 2016) 
and measures of globalization are starting to plateau, 
as demonstrated in Figure 6. The trend towards 
globalization may be further slowed by public health 
measures applied to international trading and the 
movement of goods designed to prevent the further 
spread or resurgence of COVID-19. 

Drivers of Coastal Change
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Globalization allows commodity production in developed 
countries to be relocated to developing countries, 
prompting new industrial plants and factories to be built. 
Between 1995 and 2014, the percentage contributed by 
developing countries to global exports rose from 12 to 
31 per cent (Bertelsmann, 2016). Globalization drives 
expansion of the shipping industry, including port and 
harbour facilities, land reclamation and other coastal 

infrastructure development. Though globalization may 
be slowing, the shipping industry continues to thrive and 
is expected to continue its expansion to 2030 (Lloyd’s 
Register, QineticQ and University of Strathclyde, 2013). 

The drivers of coastal change presented in this chapter 
are summarized in Figure 7.

Figure 6. Developments in the globalization index for selected countries for the period 1990-2014.  
(Source: Bertelsmann, 2018).
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60% of global population will 
live in cities by 2030. 

Global population will reach 
8.6 billion by 2030.  

>50% of growth will occur 
in Africa. 

Construction industry 
output will grow by 85%, 

to USD 15.5 trillion 
worldwide by 2030.  

Between 1970-2000, nearly all 
coastal ecosystems experienced 
net in-migration.  

Global energy demand will increase by 30% 
by 2040. Renewable energy (including marine 
renewables) accounts for 60% of the growth.  
 
Increase in demand for smartphones and 
renewable energy technology may lead to the 
expansion of the deep-sea mining industry.  

Today,13% of the global urban population 
lives in coastal areas.  

Population growth Urbanization 

Industrialization Climate change 

Migration 

Globalization 

Even though the growth of 
world trade is slowing down, 
the shipping industry will 
continue to expand. 

Increase ocean 
temperatures and 
acidification levels  
—> fish migration and 
reduced shellfish 
productivity  

Increased personal wealth and living standards 

China, India, and the USA will account 
for 57% of all growth. 

Changing weather 
patterns —> change  
in agriculture practice 
and increased volatility  
in extraction industry 

Sea level rises and 
extreme storms—> 
increase coastline 
risks and defense 
infrastructure 

Arctic sea  
ice melts —> 
Opening of new 
shipping routes 

Coastal tourism is expected to increase 
globally, particularly in developing countries.  

All these societal and natural drivers are shaping the development and 
scope of land-base activities and causing changes in coastal resources. 

COASTAL 
CHANGE OF  DRIVERS  

Figure 7. Summary of drivers of coastal change

3.3	 Summary of pressures

Pressures are human land-based activities that cause 
environmental stressors that, in turn, have the potential 
to affect the condition of coastal resources. Based 
on the review of global drivers presented in section 
3.2 and the canvassing of expert opinion, the land-
based activities most likely to generate effects on 
coastal resources are presented in Table 4. Inevitably, 
some land-based activities were omitted as separate 
pressures, including transport and groundwater 

exploitation, although both were considered as 
elements of other pressures. It should be noted that 
each land-based activity includes consideration of its 
life cycle, including start-up, use and end-of-life phases. 
This means that, for coastal hotels for example, the 
construction, use (solid waste management, water and 
food use and employment) and end-of-life treatment 
(including demolition) would be included in the ‘tourism 
and recreation’ category. 

Drivers of Coastal Change
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Land based activity Definition

Agriculture Farming, including cultivation of the soil for the growing of crops and the rearing of 
animals to provide food, wool and other products. 

Forestry (and 
deforestation)

Stand-level forestry operations including site preparation, drainage, ash return, 
planting, thinning, fertilizing, fire prevention, final felling, harvesting and terrain 
transport. 

Sewage and waste 
discharge

Human sewage discharged into coastal waters from terrestrial sewage processing 
plants. Waste discharge includes liquid, solid and hazardous waste discharge from 
domestic, industrial or commercial activity, including wastewater and leakage and 
leachate from coastal landfills and open dumps.

Industry Includes chemical plants, ore processing and metal smelters, paper manufacturing, 
incinerators and fertilizer production. 

Coastal infrastructure Infrastructure aspects of coastal development, specifically beachfront construction 
of buildings, houses, piers, harbours, seawalls, roads, railways and airports. 

Land reclamation Encompasses beach replenishment, the creation of artificial land and islands and 
damming of coastal wetlands.

Ports and harbours Includes the construction and operation of large-scale industrial ports and small 
local harbours.

Aquaculture Includes all freshwater and coastal aquaculture systems. It does not include 
offshore or entirely marine aquaculture activities.

Salt extraction Includes conventional shaft mining for rock salt, brine, vacuum pan and open pan 
production methods, as well as salt produced as a by-product of desalination.

Coastal aggregate mining Sand or gravel mined or extracted, at least partially on land, in coastal areas.

Other coastal mining Collective term for the mining, processing and smelting of any mineral resource in 
coastal areas, except aggregate. 

Tourism and recreation Any tourism or recreational activities occurring in the coastal area, for example 
sport fishing, diving, snorkelling and dedicated infrastructure, such as hotels.

Table 4. Land-based activities included in this study
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4.1	 Introduction 

The aim of this chapter is to determine effect pathways 
between land-based activities and coastal resources. In 
order to determine the effects of land-based activities 
on coastal resources, it is necessary to consider the 
natural and non-natural stressors generated by land-
based activities that potentially affect coastal resources. 
The land-based activities included in this analysis are 
not restricted to coastal areas as we recognize that land-
based activities taking place at significant distances 
from the coast (such as agriculture) may generate 
effects on coastal resources. The analysis presented in 
this chapter therefore has three steps:

•	 Analysis of stressors arising from each land-
based activity;

•	 Analysis of how each stressor influences coastal 
resources;

•	 Summary of the impact pathways between land-
based activities and coastal resources.

In the context of the DPSIR framework, this chapter 
connects the pressures generated by land-based 
activities to the state of coastal resources, with the 
stressors as the explanatory connector. 

4.2 	� Stressors arising from each 
land-based activity

Stressors are the physical, chemical or biotic 
characteristics of the environment that can be 
influenced by land-based activities and that, in 
turn, have the potential to change the condition of 
any characteristic (living or non-living) of a coastal 
ecosystem. Drawing upon relevant literature related to 
the land-based activities identified in chapter 3, eight 
natural stressors (naturally occurring properties of the 
ecosystem that can be altered by human activities) and 
three non-natural stressors (entirely introduced into 
coastal ecosystems by humans) were identified (Tables 
5 and 6). The choice of stressors was reviewed and 
confirmed through consultation with experts and during 
two online workshops. 

Natural stressors Definition

Sedimentation The action or process of creating, depositing or reducing sediment, including erosion. 

Turbidity An optical property of liquids that measures the scattering and/or absorption of light due 
to material suspended in solution.

Nitrogen The concentration of organic nitrogen in seawater.

Phosphorus The concentration of organic phosphorus in seawater.

Temperature Sea surface temperature and local water temperature.

Salinity The concentration of dissolved salt in the water.

Current Tidal currents, coastal currents (longshore currents, rip currents and upwelling) and 
surface marine currents.

Dissolved oxygen The amount of oxygen dissolved (and hence available to sustain marine life) in the water.

Table 5. Natural stressors included in this study
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Non-natural stressors Definition

Persistent toxins Polychlorinated biphenyls, heavy metals (copper, nickel, iron, zinc, mercury and 
methylmercury), persistent organic pollutant, toxic chemicals, dioxins, oil pollution (oil 
discharge, oil slick, accidental spills, oil extraction and operational oil discharge), Non-
methane volatile organic compounds (nmVOC) Polycyclic aromatic hydrocarbons 
(PAHs), pesticides, antibiotics, Polychlorinated dibenzodioxins (PCDDs), 
Polychlorinated dibenzofurans (PCDFs), dichlorodiphenyltrichloroethane (DDT), 
Polychlorinated dibenzodioxins and furans.

Plastics and other debris Macroplastics, microplastics, microbeads, plastic materials, beach litter, plastic 
litter, plastic pellets, plastic granules, plastic scrubbers, drift plastic, fishing litter and 
shipping litter.

Introduced invasive 
species

Any organism that is introduced into a new marine environment where it either is 
non-native or in which it is proliferating extremely rapidly at the expense of other 
organisms. Species introduced through ballast water, biofouling, the aquarium trade 
and other sources are also considered.

Table 6. Non-natural stressors included in this study

In order to determine and quantify the linkages between 
land-based activities (pressures) and stressors in a 
systematic manner, a matrix was developed showing 
how each stressor could be influenced by each 
land-based activity (Tables 7 and 8). The matrix was 
constructed using the following approach:

•	 For each of the 132 possible activity-stressor 
relationships (each cell of the matrix), one hour 
was spent searching for literature using the 
Web of Science Core Collection and ordering the 
results by relevance. A total of 697 papers were 
reviewed (full details in Technical Annex www.
resourcepanel.org/reports/governing-coastal-
resources). When relevant peer-reviewed literature 
was unavailable, grey literature and literature from 
industrial bodies was consulted.

•	 Based on the evidence obtained from the time-
limited search, each activity-stressor relationship 
was characterized according to the strength of 
the influence of the activity on the stressor (using 
the categorization high, medium, low, no impact 
found or no studies found) and the direction of the 
influence found (using the categorization increase; 
decrease; neutral; and not applicable). 

•	 Finally, the overall strength of the evidence was 
determined according to its size, quality and 
consistency using the method described in 
chapter 2.

•	 To calculate an average influence of each land-
based activity on each stressor, a weighting was 
attributed to each activity-stressor relationship 
using the simple system of 3 for a high impact, 2 
for a medium impact, 1 for a small impact and 0 
where no impact was found. As each land-based 
activity can influence 11 potential stressors, the 
maximum influence of a land-based activity is 
33 (11 x 3). The cumulative relationship between 
land-based activities and stressors is shown in 
Table 8.

The Effect of Land-Based Activities on Coastal Resources
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 Stressors
Natural Non-natural
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Land-based activity

Agriculture     N/A  N/A    N/A

Forestry O    N/A N/A  O   N/A

Sewage discharge     N/A N/A N/A    

Industrial plants and factories O     N/A O    

Coastal infrastructure   O * O O O    

Land reclamation    N/A * * O    

Ports and harbours     N/A  O    

Aquaculture     O O     

Salt extraction    N/A  O O   N/A N/A

Coastal aggregate mining O    N/A N/A O   N/A N/A

Other coastal mining     N/A N/A N/A N/A  N/A N/A

Tourism and recreation     N/A N/A N/A N/A   

Key

Strength of impact Direction of impact

 High  Increase

 Medium  Decrease

 Low O Neutral

N/A No impact

 * No studies found

Table 7. The influence of land-based activities on stressors
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Sedimentation

Persistent toxins

Turbidity Phosphoro.

Salinty

Temperat.
Invasive 
species

Dissolved oxygen Current

Nitrogen
Plastics and 
debrisPorts and harbours

Agriculture

Aquaculture Other coastal mining
Tourism and 
recreation

Sewage discharge

Coastal infrastructure

Land reclamation

Forestry

Industrial plants 
and factories

Coastal 
aggregate 
mining

Salt 
extraction

Land-based activities ranked according to their cumulative
influence on stressors

Stressors ranked according to their potential to be altered
by land-based activites

Table 8. Ranked cumulative relationship between land-based activities and stressors

Table 8 shows the cumulative influence on stressors of 
each land-based activity. Ports and harbours were found to 
have the greatest influence upon stressors. Through port 
construction and operation, sediment, turbidity and current 
patterns are altered and there is the potential to introduce 
invasive species through ballast water exchange. Roca et 
al. (2014) showed that harbour construction can cause an 
increase in sediment and turbidity, which only returned to 
normal levels up to 15 months after construction ended and 
which had a negative impact on local seagrass meadows. 
Port operations and ship engines create noise pollution and 
ship engines generate substantial pollutants.

Agriculture was found to have a strong influence on 
stressors, particularly through chemical leaching from 
fertilizer applied to fields, including nitrogen, phosphorus and 
persistent toxins. Similarly, chemical discharges and waste 
from aquaculture resulted in a high stressor profile. As well 
as increasing nitrogen and phosphorus concentrations, 
sewage discharge strongly influenced dissolved oxygen and 
plastics stressors. Coastal infrastructure, including housing, 
was a significant source of plastics. The influence of tourism 
and recreation on stressors was comparatively limited, 
mainly because it has limited linkages to the physical marine 
characteristics (current, salinity and temperature), although 
its contribution to other stressors is substantial (particularly 
plastics and other toxins). 

The Effect of Land-Based Activities on Coastal Resources
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4.3	� The effects of stressors  
on coastal resources

The next stage of the analysis was to synthesize 
available evidence to determine the impact pathways 
between stressors identified in section 4.2 and coastal 
resources. This provides the critical link between land-
based activities and the condition of coastal resources. 
The coastal resources included in this study reflect 
globally relevant resources that underpin conventional 
blue economy sectors (such as tourism) and newer 
resource sectors (including marine genetic resources). 
The coastal resources included in this study are divided 
into abiotic and biotic coastal resources and are 
presented in tables 9 and 10, respectively. 

In order to determine and quantify the linkages between 
stressors and coastal resources in a systematic manner, 
a matrix was developed showing how each coastal 
resource could be influenced by each stressor (Table 
11). The matrix was constructed using the following 
approach:

•	 For each of the 121 possible stressor-resource 
relationships (each cell of the matrix), one hour 
was spent searching the Web of Science core 
collection and ordering the results by relevance. A 
total of 326 papers were reviewed (full details in 
Technical Annex www.resourcepanel.org/reports/
governing-coastal-resources). When relevant 

peer-reviewed literature was unavailable, grey 
literature and literature from industrial bodies was 
consulted.

•	 Based on the evidence obtained from the time-
limited search, each stressor-resource relationship 
was characterized according to the strength of 
the influence of the activity on the stressor (using 
the categorization high, medium, low, no impact 
found, or no studies found) and the direction of 
the influence found (using the categorization 
increase; decrease; neutral; and not applicable). 

•	 Finally, the overall strength of the evidence was 
determined according to its size, quality and 
consistency using the method outlined in chapter 
2.

•	 To calculate an average influence of each stressor 
on each coastal resource, a weighting was 
attributed to each activity-stressor relationship 
using the simple system of 3 for a high impact, 
2 for a medium impact, 1 for a small impact and 
0 for no impact found. As each stressor activity 
can influence 11 coastal resources, the maximum 
influence of a stressor is 33 (11 x 3). The 
cumulative relationship between land stressors and 
coastal resources is ranked shown in Table 12.

Abiotic resource Definition

Aggregates
Coastal aggregate supplies (sand and gravel) are important to the economy, particularly the 
construction industry, exports and coastal defenses. 

Coastal minerals
Coastal minerals are minerals extracted from the coastal zone, including limestone, 
dolomite, amber, diamond and iron ore.

Renewables
Marine renewable energy is energy that is collected from renewable resources, which are 
naturally replenished on a human timescale. 

Oil and gas
Oil and gas are fossil fuels used as a source of energy for heating, cooking and electricity 
generation. They are also used as fuel for vehicles and as a chemical feedstock in the 
manufacture of plastics and other commercially important organic chemicals. 

Salt
Salt extraction includes conventional shaft mining for rock salt as well as brine, vacuum 
pan, open pan and solar production methods. Salt as a bi-product of desalination plants 
was included.

Table 9. Abiotic coastal resources

https://apps.webofknowledge.com/WOS_GeneralSearch_input.do?product=WOS&search_mode=GeneralSearch&SID=R2eHyo7zwd2RwgkMW5m&preferencesSaved=
https://apps.webofknowledge.com/WOS_GeneralSearch_input.do?product=WOS&search_mode=GeneralSearch&SID=R2eHyo7zwd2RwgkMW5m&preferencesSaved=
http://www.resourcepanel.org/reports/governing-coastal-resources
http://www.resourcepanel.org/reports/governing-coastal-resources
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Biotic resource Definition

Biodiversity

Biodiversity is a measure of variation at the genetic, species and ecosystem level. 
Biodiversity is not only linked to the equilibrium of ecosystems, but it is also a 
substantial source of potential new drugs, helps sustain a varied food chain and 
improves water quality, among many others. 

Fisheries resources 

Capture fisheries resources are highly diverse. FAO landing statistics refer to about 
2,500 species or group of species most of which are finfish. By far the most numerous 
fish species, and those most important to fisheries, are teleosts or bony fish, which in 
the sea extend from small “grazing” species such as anchovy to large active predatory 
fish such as tuna.

Habitat condition and/or 
extent

Habitats (such as coral reefs, mangroves and seagrass) support biodiversity, which we 
rely on for food (such as fish), medicines (including painkillers and cancer drugs from 
marine species) and tourism (for instance, sport fishing and scuba diving). 

Marine genetic 
resources

Biodiscovery depends on access to marine organisms, collectively termed marine 
genetic resources. 

Primary production
In most marine ecosystems, the primary source of energy is sunlight that drives 
photosynthesis by phytoplankton, seaweeds algae and so forth, which in turn support 
the wider ecosystem and the biotic resources it contains. 

Water quality
Water quality refers to the chemical, physical, biological and radiological characteristics 
of water. It is a measure of the condition of water relative to the requirements of one or 
more biotic species and or to any human need or purpose. 

Table 10. Biotic coastal resources

The Effect of Land-Based Activities on Coastal Resources
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Abiotic

Salt            13

Aggregates            5

Coastal minerals            0

Oil and gas            9

Renewables            14

Biotic

Fisheries resources            32

Primary production            23

Habitat condition and/
or extent

           28

Biodiversity            33

Marine genetic 
resources

           12

Water quality            21

Cumulative impact of stressor / 33 23 19 17 14 19 17 18 14 19 14 16

Key

Strength of impact Weight

 High 3

 Medium 2

 Low 1

 No impact found 0

 No studies found 0

Table 11. The strength of influence of stressors on coastal resources.
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Stressors ranked according to their potential to impact 
coastal resources

Coastal resources ranked according to their potential to 
be altered by stressors

Biodiversity

Fisheries resources Water quality

Renewables

Oil and gas Aggregat.

Marine
genetic
resources

Primary production
Habitat condition
and/or extent

Sedimentation

Turbidity

Temperature Salinity Plastic/debris
Dissolved
oxygen

Nitrogen

Persistent toxins Current

Invasive
species Phosophoro.

Table 12. Stressors ranked according to their potential to impact coastal resources

Stressors were found to have a substantially greater 
impact on biotic coastal resources than on abiotic 
ones. This is because biotic coastal resources are 
generally reliant upon, or are integral parts of, living 
coastal ecosystems that tend to be highly sensitive to 
disturbances and changes to natural conditions. There 
may also be tendencies in the literature to focus on 
more tangible and historically recognized stressors 
such as sedimentation and temperature, compared 
to relatively new stressors such as plastics (although 
this is changing), and to focus on impacts of stressors 
upon biotic rather than abiotic features. Sedimentation 
was found to be the stressor with the greatest impact 
across all coastal resources as, unlike most stressors, it 
was found to have negative impacts on both biotic and 
abiotic resources. The key biotic issue was the potential 
of sediment to smother living systems during resource 
extraction, with profound implications for the viability of 
productive ecosystems. Sedimentation was also found 
to introduce other material (often finer silts) into coarser 
coastal deposits (such as sand), thereby reducing the 
quality of the aggregate resource.

Several other natural stressors generated profound 
impacts on biotic coastal resources including turbidity, 
nitrogen, phosphorus, temperature and dissolved 
oxygen. These stressors are key variables for biotic 
coastal resources but have little known or expected 

influence on abiotic resources. For example, elevated 
phosphorus levels are unlikely to impact coastal 
aggregates in a meaningful way. This was compounded 
by a lack of studies on the impacts of stressors in 
general, but particularly the impact of biotic stressors on 
abiotic coastal resources. Plastics were more impactful 
on biotic than abiotic coastal resources, but despite 
great public interest, there remains a comparatively limited 
evidence base to consider its impact on abiotic coastal 
resources. The impacts of plastics on living resources 
were mainly the result of their toxic and physical effects 
when ingested. Microplastics have been shown to act as 
vehicles for contaminants and organic pollutants. A study by 
Silva-Cavalcanti et al. (2017), conducted on the Pajeu River 
in North-East Brazil, found that, on average, 83 per cent of 
the fish Hoplosternum littorale, had microplastics in their gut, 
with the highest proportion found on urbanized sections of 
the river. More broadly, it was clear that natural stressors 
have the greatest impact and that their impact is particularly 
focused on biotic coastal resources. 

Biotic coastal resources were most impacted by coastal 
stressors because of their dependence on the condition 
of the coastal ecosystem. As such, biodiversity and 
fisheries resources were the coastal resources most 
impacted by stressors. Marine genetic resources are 
likely to be significantly impacted but there is a lack of 
available evidence. There is also a significant lack of 

The Effect of Land-Based Activities on Coastal Resources
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evidence concerning the effects of stressors on abiotic 
coastal resources, giving the impression that abiotic 
coastal resources are largely immune from stressors 
arising from land-based activities. Given the lack of 
evidence, the effects on abiotic coastal resources must 
be treated in a precautionary manner.

4.4	 �The impact of land-based  
activities on coastal resources

The next stage of the analysis was to combine the 
results of sections 4.2 and 4.3 in order to define the 
cumulative impact pathways between land-based 
activities and coastal resources. Each impact pathway 
was determined by combining the strength of impact 
between each land-based activity and stressor (the 
values in Table 7) and the strength of the impact 
between each stressor and coastal resource (the 
values in Table 11). This approach goes beyond simply 
assessing the impact of one activity upon one resource 
(as is common in previous studies) but considers the 
number and strength of impact pathways through which 
a land-based activity impacts a coastal resource to 
determine ‘cumulative impact pathways’. Considering 
multiple impact pathways is important as it better 
reflects the reality that coastal resources are impacted 
by multiple land-based activities at any one time. 

The overall impact pathway was determined numerically 
by multiplying the impact of each land-based activity on 
each stressor (rated 1-3) with the impact of each stressor 
on each coastal resource (rated 1-3). As the maximum 
impact of a land-based activity on a potential ecosystem 
stressor is 3, and the maximum impact of a potential 
ecosystem stressor on a resource is 3, and there are 11 
potential stressors, the maximum cumulative impact of a 
single land-based activity on a resource is 
(3 x 3) x 11 = 99. This calculation is made for each cell in 
Table 13. The evidence quality ratings produced during 
the development of Tables 7 and 11 are used to calculate 
the quality of the body of evidence underpinning the 
relationships presented in Table 13. The approach used 
to produce the evidence scores was explained in chapter 
2. However, in summary, for each cell in Table 13 the 
supporting evidence was rated according to its:

1.	 Average quality (scored between 1 and 3)

2.	 Average strength (scored between 1 and 4); 

3.	 Size of the body of evidence (scored between 1 and 3).

These ratings were then combined into a percentage 
average of the maximum possible quality rating. The 
cumulative impact of land-based activities on coastal 
resources is presented in Figure 8, which was calculated 
by adding the impact of each land-based activity on 
each resource together. As there are 12 activities, and 
the impact of each activity was rated 0-99, the maximum 
cumulative impact is 1188 (12 x 99).
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Agriculture 24 9 0 12 25 66 49 64 69 19 57

Forestry 17 13 0 16 23 50 40 46 51 11 40

Sewage discharge 22 6 0 10 19 63 47 61 66 16 59

Industrial plants and factories 24 10 0 12 25 57 39 52 60 20 43

Coastal infrastructure 23 13 0 16 25 57 40 51 60 22 43

Land reclamation 19 15 0 16 24 44 32 37 45 13 32

Port and harbour 35 15 0 18 31 76 54 64 78 25 55

Aquaculture 27 11 0 14 26 68 51 61 69 24 52

Salt extraction 21 7 0 8 24 39 27 32 39 15 20

Coastal aggregate mining 18 15 0 18 21 42 32 35 42 11 29

Other coastal mining 13 6 0 8 14 33 28 33 33 6 29

Tourism and recreation 20 9 0 8 17 42 30 42 45 15 38

Legend

 Very strong quality of evidence
 Strong quality of evidence

 Medium strength quality of evidence
 Low quality of evidence

30  Strength of impact between land-based activities   
 and coastal resources from a (maximum of 99)

Table 13. Impact of land-based activities on coastal resources

Agriculture

Forestry

Sewage discharge

Industrial plants and factories

Coastal infrastructure

Land reclamation 

Ports and harbours

Aquaculture

Salt extraction

Coastal aggregate mining

Other coastal mining

Tourism and recreation

Salt

Abiotic Biotic

0
Aggregates Oil and gas Renewables

Cumulative influence of land-based activities on coastal resources

Fisheries BiodiversityMarine 
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resources

Water
quality

Primary
production
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extent
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Figure 8. Cumulative influence of land-based activities on coastal resources
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The results presented in Table 13 and Figure 8 combine 
the results from sections 4.2 and 4.3 to show the 
cumulative impact pathways linking land-based activities 
to the condition of coastal resources. It is clear that land-
based activities generate multiple impacts of varying 
strength on coastal resources and that biotic coastal 
resources are more impacted by land-based activities 
than abiotic coastal resources. However, this is in part 
due to the comparative lack of studies focusing on 
abiotic resources. 

Agriculture, ports and harbours and aquaculture are the 
land-based activities generating the greatest effects 
on coastal resources. These activities generate effects 
on both abiotic and biotic coastal resources, but are 
particularly impactful on biotic resources - with fisheries 
resources, primary production, habitat condition 
and biodiversity the most seriously affected coastal 
resources. This builds on the analysis presented in Table 
8, which highlighted that ports and harbours, agriculture 
and aquaculture generated the most significant 
stressors across their life cycles. Land reclamation, 
salt extraction, coastal aggregate/other mining and 
tourism/recreation were the land-based activities that 
had the least impact on coastal resources, largely due 
to their limited impact on abiotic coastal resources 
and comparatively moderate impact on biotic coastal 
resources. It should also be noted that, in some cases, 
the classification of land-based activities may create a 
perceived under-representation of impact. For example, 
tourism and recreation generate significant sewerage 
and waste discharge, which is treated as separate land-
based activity, thereby potentially underestimating the 
impact of tourism and recreation activities on coastal 
resources. 

These headline results suggest that the management of 
coastal resources cannot be undertaken in isolation from 
land-based activities. They also suggest that governance 
priorities should be focused on agriculture, ports/harbours 
and aquaculture as the most impactful land-based 
activities. The results also demonstrate that sector-
specific management is insufficient to manage coastal 
resources, as many of the land-based impacts originate 
from activities well outside of the coastal resource sector. 
For example, fisheries resources and biodiversity resources 
were affected, to some degree, by all land-based activities 
included in the study.

There is comparatively strong evidence that all biotic 
coastal resources are significantly impacted by land-based 
activities, as they are sensitive to changes in both natural 
and non-natural stressors. Biotic coastal resources were 
found to be particularly sensitive to agriculture, ports/
harbours and aquaculture. This is partly because, unlike 
most other land-based activities, they generate both natural 
and non-natural stressors. Biodiversity was the coastal 
resource that suffered the greatest cumulative impact 
of land-based activities. It also bore the largest single 
land-based impact from ports and harbours, due to the 
multiple natural and non-natural stressors arising from that 
form of infrastructure. The results also suggest that any 
coastal resource governance framework must consider 
the multiple impact pathways arising from land-based 
activities, as any intervention focused on a single stressor 
or single activity will have limited influence on the condition 
of any given coastal resource. 

There is little evidence that abiotic coastal resources 
are significantly impacted by land-based activities. For 
example, aggregates and coastal minerals were found 
to not to be notably impacted by land-based activities. 
Similarly, oil and gas resources were found to be 
relatively unaffected by land-based activities. Although in 
the case of oil and gas, the lack of impact could be partly 
due to their depth in the water column. In the case of all 
other abiotic resources it may be partially explained by a 
limited evidence base. The lack of evidence most likely 
stems from a combination of two non-exclusive factors: 
1) a lack of studies exploring these relationships and 2) 
a ‘real’ lack of expected impact. As indicated in chapter 
2, we attempted to separate these factors by adopting 
different assessments of impact strength and evidence 
quality. However, the analysis indicated that the lack 
of evidence undermined any assessment of impact. In 
management terms, this suggests that a precautionary 
approach should be taken, in which the absence of 
evidence should not be taken to mean the absence of a 
relationship between a land-based activity and coastal 
resources. 
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4.5	 Limitations 

The dynamic nature of coastal systems makes it difficult 
to generalize about the relationships between land-
based activities and coastal resources, as we have done 
in this analysis. As such, it is important to recognize 
the following caveats, which may have significant local 
implications:

•	 The impact of any land-based activity (and 
associated stressors) on coastal resources, 
particularly biotic resources, can vary depending 
on the location, type, condition and resilience of the 
local ecosystems (with systems already impacted 
in some way being more vulnerable to additional 
pressures).

•	 The relationships between land-based activities 
and coastal resources are often interconnected 
and non-linear, whereby positive impacts can 
be undermined by other negative impacts, while 
other impacts may be minor until a tipping point is 
reached, when the system resets or substantively 
changes.

•	 There is limited evidence of the impact of certain 
stressors on abiotic coastal resources (including 
salt, aggregates, coastal minerals, oil and gas and 
marine renewables). This was in part due to the 
lack of available scientific literature examining 
these topics.

•	 Some stressors had a positive impact on primary 
production. For example, an increase in nitrogen 

generally increases primary production. However, 
extremely high primary production associated 
with algal blooms has a significant negative 
feedback loop on other ecosystem stressors 
(turbidity and dissolved oxygen). It should 
therefore be noted that primary productivity is not, 
in all circumstances, a beneficial coastal resource. 

•	 In terms of biodiversity, the influence of stressors 
greatly depends on what species assemblages 
are considered. For example, some benthic 
invertebrates might benefit from greater 
sedimentation, whereas organisms and habitats 
relying on light availability will be negatively 
affected.

•	 The influence of a given stressor depends on 
the spatial scale considered. For example, 
while seawater temperature will define whether 
or not a coastal mineral crystallizes, these 
temperatures are usually extreme on a very local 
spatial scale. Therefore, small global changes 
in sea temperature are unlikely to affect mineral 
availability.

•	 Some of the relationships assessed in this study 
are very complex. For example, the influence 
of nitrogen and phosphorus on biotic coastal 
resources is often highly dependent on other 
environmental variables, nutrient ratios and the 
species and habitat considered. 

The Effect of Land-Based Activities on Coastal Resources
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The aim of this chapter is to identify the impacts of land-
based activities on selected blue economy sectors. This 
is undertaken by considering the reliance of each blue 
economy sector on the coastal resources included in this 
study, then assessing its level of vulnerability to change in 
the coastal resource base from land-based activities. Given 
the increasing focus on the transition to a sustainable blue 
economy in national and international ocean policy, it is 
important to consider the implications for the sustainable 
blue economy of changes to the coastal resource base. In 
terms of the DPSIR framework, this element of the study 
explores the impact of changes to the state of coastal 
resources. 

For economic sectors operating in the sustainable blue 
economy, understanding their vulnerability to changes 
in coastal resources, along with the likelihood of those 
changes happening, is essential to their future plans. The 
sustainable blue economy sectors in this study are related 
to the resources outlined in section 4.4 (aquaculture; 
tourism and recreation; oil and gas; marine renewables; salt 
extraction) and other economically and socially valuable 
maritime industries (fishing, shipping, coastal aggregate, 
other coastal mining and submarine cabling). The analysis 
was undertaken in the following way:

•	 First, for each sustainable blue economy activity, its 
level of dependency on a given resource is scored 
according to three criteria:

	∙ Not dependent: The activity is not dependent 
on the availability of the coastal resource in any 
way. It is entirely independent of this resource 
and would not be affected by changes in its 
availability (attributed weight of 0).

	∙ Partially dependent: The activity is partially 
dependent on the availability of the coastal 
resource. Partial dependence was selected 
when a coastal resource could be replaced 
with an alternative coastal resource with no 
significant effect on the blue economy activity. 
Partial dependence can be at any stage of a blue 
economy’s life cycle (attributed weight of 1).

	∙ Fully dependent: The activity is entirely dependent 
on the availability of a coastal resource. Fully 
dependent was only awarded to relationships in 
which the complete depletion of the resource or 
its complete modification in such a way that it is 
no longer fit for purpose, would result in the blue 
economy activity no longer being able to operate 
in an area (attributed weight of 2).

The dependency and vulnerability of each activity in 
terms of coastal resources (shown in Tables 14 and 
15) were determined based on a combination of expert 
opinion and the literature collected throughout chapter 4. 
Where uncertainties remained, additional grey and peer-
reviewed literature was consulted. A relative measure of 
vulnerability is presented in Figure 9.

•	 As the maximum impact upon a coastal resource 
from each land-based activity is 99, and there are 
12 land-based activities, the maximum cumulative 
impact upon a coastal resource from land-based 
activities is 99 x 12 = 1188. Each dependency 
rank (0-2) was then multiplied by the cumulative 
impact of each land-based activity on each 
resource (section 4.4). The resulting score reflects 
the vulnerability of different industries to the 
depletion of a given resource, out of a maximum 
possible score of 2376 (1188 x 2).
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Abiotic

Salt 1 1 1 1 0 1 1 2 1 1

Aggregates 1 1 1 1 0 1 1 1 2 1

Coastal minerals 1 1 1 1 1 1 1 1 1 2

Oil and gas 1 1 1 1 1 2 1 1 1 1

Marine renewables 1 0 1 0 0 1 2 1 1 1

Biotic

Fisheries resources 1 2 1 1 0 0 0 0 0 0

Primary production 1 1 1 0 0 1 0 0 0 0

Habitat condition and/or extent 1 1 1 0 0 0 0 0 0 0

Biodiversity 1 1 1 0 0 0 0 0 0 0

Genetic 1 1 0 1 0 0 0 0 0 0

Water quality 1 1 1 0 0 0 0 1 0 0

Dependency Rank

Not dependent 0

Partially dependent 1

Fully dependent 2

Table 14. Dependency of blue economy activities on abiotic and biotic resources

Impact of Land-Based Activities on the Blue Economy
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Blue economy activities
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Abiotic

Salt 263 263 263 263 0 263 263 526 263 263

Aggregates 129 156 274 637 0 578 657 197 994 0

Coastal minerals 0 0 0 0 0 0 0 0 0 0

Oil and gas 156 156 156 156 156 312 156 156 156 156

Marine renewables 274 0 274 0 0 274 548 274 274 274

Biotic

Fisheries resources 673 1346 673 673 0 0 0 0 0 0

Primary production 469 469 469 0 0 469 0 0 0 0

Habitat condition 
and/or extent 578 578 578 0 0 0 0 0 0 0

Biodiversity 657 657 657 0 0 0 0 0 0 0

Bioprospecting 197 197 0 197 0 0 0 0 0 0

Water quality 497 497 497 0 0 0 0 497 0 0

Total vulnerability 
of industry / 26,136 3893 4319 3841 1926 156 1896 1624 1650 1687 693

Table 15. Vulnerability of blue economy activities to changes in coastal resources resulting 
from land-based activities (rated 0-2376)
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AquacultureFishing Tourism Shipping

Submarine 
cabling

Oil and gas

Marine 
renewables

Salt 
extraction

Coastal aggregate 
mining

Other coastal 
mining

Relative vulnerability of the selected blue  
economic sectors to coastal resource change 

Figure 9. Relative vulnerability of selected blue economic sectors to changes in coastal resources arising from land-
based activities. Vulnerability is relative to the most vulnerable activity (fishing).
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Although the vulnerability of blue economy to resource 
change can range between 0 and 2376, an activity can 
only reach a score of 2376 if it is entirely dependent on 
a specific resource and that resource is impacted, to the 
maximum extent, by all possible impact pathways from 
land-based activities. 

The results showed that aquaculture, fishing and tourism 
were significantly more vulnerable than other blue 
economy activities. Their greater vulnerability principally 
stems from their dependency on biotic resources that, 
as outlined in previous chapters, are often sensitive to 
multiple stressors arising from land-based activities. 
In contrast, blue economy activities reliant on abiotic 
resources were generally less vulnerable to land-
based activities, due to the relatively limited number 
of pathways through which land-based activities can 
impact the coastal resources upon which they depend. It 
should, however, be noted that significantly more studies 
have been conducted exploring the impact of land-based 
human activities and stressors on biotic resources than 
abiotic.

Similarly, some of the assessed dependencies between 
coastal resources and blue economy sectors might 
appear confusing at first glance. For example, one might 
wonder how the shipping industry partially relies on the 
availability of salt, coastal minerals and aggregates. 
The reason for this scoring is that ship construction 
requires the use of aggregates (for concrete production), 
coastal minerals (for certain types of metals) and salt (to 
produce certain paints, aluminium and metals). Similarly, 
the fishing industry is reliant upon aggregates for 
construction materials. The basic construction materials 
required include cement and aggregates, making the 
fishing industry partially dependent on the availability of 
aggregates (Sciortino, 2010).
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6.1	 Introduction 

This chapter is a case study designed to test the method 
applied at the global scale to determine the impact of 
land-based extractive activities on coastal resources. 
Minerals and metals underpin national economies, 
provide crucial raw materials for industrial activities 
and are inputs to almost every sector of the global 
economy. As such, it is likely that extractive resources 
will continue to play a central role in driving the global 
economy despite efforts to decouple economies 
from resource use and towards greater recycling 
(IRP, 2020). This sector encompasses a broad range 
of activities that can occur in both the land and sea 
components of the coastal zone and it therefore has the 
twin characteristics of generating impacts on coastal 
resources and potentially being affected by changes in 
coastal resources. As such, examining the extractive 
industries allows important feedback loops to be 
identified and considered. The analysis presented in this 
chapter was discussed and validated at a workshop held 
in Beijing in January 2019. The chapter begins with an 
overview of resource extraction activities, particularly 
those commonly undertaken in coastal areas. Following 
the method used in chapter 4, this chapter presents 
an analysis of the stressors generated by extractive 
activities and the impact of those stressors on coastal 
resources. 

6.2	 Context

There are many different types of extractive industries, 
including aggregate mining and dredging; placer mining; 
salt mining; industrial and metallic minerals mining; 
and oil and gas extraction. The extraction of coastal 
minerals is a global activity, taking place on every 
continent except Antarctica. The expansion of cities is 
contributing to an increase in dredging and demand for 
marine aggregates. For example, the Palm Jumeirah 
and Palm Jebel Ali islands, the World archipelago and 
the Burj Khalifa tower in Dubai were all constructed 
with marine sand, most of which was imported from 
Australia (Peduzzi, 2014). Meanwhile, Singapore has 
been able to increase its land area by more than 22 per 
cent over the last 40 years using sand dredged from 
beaches in Indonesia, Malaysia, Thailand and Cambodia 
(Peduzzi, 2014). Increased demand for new technology 
is driving the mining of placer minerals such as titanium, 
zirconium, rutile, ilmenite, gold and tin. In addition, 
there is an established history of diamond mining in the 

coastal waters off the Skeleton Coast in Namibia, which 
involves the suction of sediment onto a marine vessel 
for processing. 

The ecological impacts of extractive activities are 
extensive, destructive and often irreversible. Dredging, 
for example, has profound impacts on the fauna living 
in the seabed. An assessment of benthic fauna in the 
English Channel following sand dredging showed an 80 
per cent reduction in species richness and a 90 per cent 
decrease in abundance and biomass (Desprez, 2000). 
Furthermore, the structure of the seabed changed from 
one dominated by coarse sands to one dominated by fine 
sands, which will have long-lasting implications for the local 
ecosystem (Desprez, 2000). Extraction and processing 
of minerals, sometimes significant distances inland, can 
leave a heavy footprint on the world’s coasts in terms of 
metal contaminants - with elevated concentrations of zinc, 
chromium, nickel, lead, cadmium, arsenic, mercury and 
copper posing significant environmental risks (Hudson-
Edwards et al., 2011).

6.3	� The impact of extractive activities 
on coastal resources

The extractive activities considered in this chapter are 
presented in Table 16. These were determined by reviewing 
relevant literature to identify the most widespread, 
economically valuable and impactful extractive activities.

The generic stressors generated by land-based activities 
identified in chapter 4 are equally applicable to extractive 
activities, with the exception of nitrogen and phosphorus 
release, which were combined into one stressor defined 
as ‘dissolved nutrients’ to reflect more accurately the 
less discriminating effect of extractive activities on 
concentrations of dissolved nutrients. Consequently, the 
final stressors considered were sedimentation, turbidity, 
dissolved nutrients, temperature, salinity, current, 
dissolved oxygen, persistent toxins, plastic/other debris 
and marine invasive species. As in chapter 4, in order to 
determine and quantify the linkages between extractive 
activities and stressors in a systematic manner, a matrix 
was developed showing how each stressor could be 
influenced by each extractive activity (Table 17). The 
matrix was constructed using the following approach:
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Extractive activity Definition

Aggregate Aggregates are materials such as sand, gravel, shell, slag and broken stone that can be 
mixed with cement or bituminous material to produce concrete or mortar. 

Placer Accumulations of materials including titanium, zirconium, rutile, ilmenite, gold and tin 
concentrated in overburden, stream sediments or beach materials. 

Evaporites Include the extraction from seawater or marine sediments of chlorides and sulfates such 
as salt, potassium and magnesium chloride, anhydrite and gypsum. 

Sulfide Seafloor massive sulfide deposits are only occasionally present in coastal areas and the 
extraction of these deposits is only at the advanced planning stage at present.

Oil and gas Includes the exploitation of marine coal, gas hydrates, natural petroleum oil and gas. This 
type of mining takes place at water depths of 0-4000m.

Other coastal mining Land-based mining for industrial minerals and metal-bearing minerals. 

Salt extraction Conventional shaft mining for rock salt.

Table 16. The extractive activities considered 

•	 For each of the 70 possible extractive activity-
stressor relationships (each cell of the matrix), 
one hour was spent searching the literature using 
the Web of Science core collection and ordering 
the results by relevance. A total of 176 papers 
were reviewed (full details in Technical annex 
www.resourcepanel.org/reports/governing-
coastal-resources). When relevant peer-reviewed 
literature was unavailable, grey literature and 
literature from industrial bodies, where available, 
was consulted. 

•	 Based on the evidence obtained from the 
time-limited search, each extractive-stressor 
relationship was characterized according to the 
strength of the influence of the activity on the 
stressor (using the categorization high, medium, 
low, no impact found or no studies found) and 
the direction of the influence found (using the 
categorization increase; decrease; neutral; and not 
applicable). 

•	 Finally, the overall strength of the evidence 
was determined according to its size, quality and 
consistency using the method outlined in chapter 2.

•	 To calculate an average influence of each 
extractive activity on each stressor, a weighting 
was attributed to each activity-stressor 
relationship using the simple system of 3 for high 
impact, 2 for medium impact, 1 for low impact 
and 0 for no impact found. As each extractive 
activity can influence 10 potential stressors, the 
maximum influence of a land-based activity is 30 
(10 x 3).

Table 18 shows the cumulative influence of each 
extractive activity on stressors. It shows that oil and 
gas extraction had the greatest influence on stressors, 
heavily impacting three of the eleven potential 
stressors and having some form of relationship with 
all other potential stressors. Its significant influence 
on stressors arises from all stages and operations of 
oil and gas production, which, if poorly managed, can 
be accompanied by undesirable discharges of liquid, 
solid and gaseous waste. In addition, the physical 
infrastructure required for oil and gas extraction 
generates significant environmental impacts during 
construction, operation and decommissioning. An 
example is the possible introduction of invasive species. 
The movement of equipment and personnel between 
sites and the development large-scale infrastructure 
such as transboundary pipelines provide possible 
pathways for invasive species. 

The mining of seafloor massive sulfide deposits, 
although rarely found in coastal areas and currently in 
advanced planning stages only, was found to have the 
second greatest potential impact - with the capability 
to heavily affect four stressors but with no evidenced 
impact upon three of the stressors (salinity, current and 
invasive species). Persistent toxins and sedimentation 
were the stressors with the greatest influence across 
the full suite of extractive activities, largely as a result 
of the chemical and physical changes that result from 
the disturbance they create. The impacts of placer 
diamond mining, which is conducted off the coast of 

https://apps.webofknowledge.com/WOS_GeneralSearch_input.do?product=WOS&search_mode=GeneralSearch&SID=R2eHyo7zwd2RwgkMW5m&preferencesSaved=
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South-West Africa, have been widely studied by DeBeers 
Corporation and academic researchers (Sowman and 
Raemakers, 2018). In order to determine and quantify 
the impacts of extractive activities on coastal resources 
arising in a systematic manner, the results of the matrix 
developed in chapter 4 (Table 11) were used. This 
was possible as the stressors identified for extractive 
activities are the same as those included in Table 11. As 
such, the results from Table 11 can be carried forward 
for use in the analysis of how extractive activities affect 
coastal resources.

As in chapter 4, the effect of every extractive activity 
on each coastal resource was calculated by combining 
the relationship between extractive activities and 
the stressors they generate, with the impact of each 
stressor on each coastal activity. This approach not only 
assesses the impact of one activity upon one resource 
(as is common in other studies), but also considers 

the number and strength of pathways through which 
an activity affects a resource in a cumulative manner. 
Considering multiple effects at once is important as it 
gives a holistic overview that better reflects the reality of 
the situation: namely that coastal resources are affected 
by multiple activities at any one time.

For each cell in Table 19, the effect of an extractive 
activity on the corresponding resource is determined by 
numerically multiplying the extractive activity-stressor 
relationship value by the stressor-resource relationship 
value. As the maximum impact of an extractive 
activity on a potential ecosystem stressor is 3, and the 
maximum impact of a potential ecosystem stressor on 
a resource is 3, and there are 10 potential stressors, the 
maximum cumulative effect of a mining activity on a 
coastal resource is 3 x 3 x 10 = 90. Table 18 also shows 
the relevant evidence rating, derived from combining the 
quality, strength and size of the body of evidence. 
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Potential stressors
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Extractive 
activities

Aggregate    * * *    *

Placer    * * * *   O

Evaporites O   O   O O *

Oil and gas     *   

Sulfide    O * * *  *

Salt extraction     O O O  N/A

Other coastal mining    N/A N/A N/A N/A  N/A

Key

Strength of impact  Direction of impact

 High  Increase

 Medium  Decrease

 Low O Neutral

 
No impact/no 
studies found

* No impact found

N/A No studies found

Table 17. The influence of extractive activities on stressors
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Persistent toxins

Sedimentation

Turbidity

Salinity

Invasive
speciesCurrent

Plastic/
debris

Dissolved oxygen

Dissolved nutrients

Temperature

Oil and gas

Sulfide Salt extraction

Other coastal minerals

Aggregate

Evaportite Placer

Extractive industries ranked according to their level of 
influence on stressors

Stressors ranked according to their potential to be altered 
by extractive industries

Table 18. Coastal mining activities ranked according to their cumulative influence on stressors
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Aggregate 6 9 0 6 12 24 15 22 24 13 21

Placer 18 9 0 10 21 42 32 44 45 11 41

Evaporites 26 5 0 10 19 45 30 37 45 18 29

Oil and gas 23 10 0 10 29 59 39 50 60 27 38

Sulfide 16 9 0 10 21 48 32 48 51 18 45

Salt extraction 21 7 0 14 24 39 27 32 39 15 20

Other coastal mining 13 6 0 8 14 27 27 27 27 6 25

Legend

 Very strong quality of evidence
 Strong quality of evidence

 Medium strength quality of evidence
 Low quality of evidence

30  Strength of impact between mining activities   
 and coastal resources from a (maximum of 99)

Table 19. The impact of each extractive activity on marine resources and the supporting body
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Table 19 shows there is strong evidence that biotic 
coastal resources are most impacted by extractive 
activities through both the chemical changes to coastal 
ecosystems (toxins and dissolved oxygen) and the 
physical problems created by sedimentation and plastic 
and other debris pollution. Marine genetic resources 
show relatively little impact, largely due to a limited 
evidence base.  Similarly, the impact of extractive 
activities on abiotic coastal resources was limited, 
either due to a little ‘real’ impact or the lack of available 
evidence. Biodiversity was the resource most impacted 
by extractive activities due to its sensitivity to more 
stressors than other coastal resources. 

6.4	� The vulnerability of extractive 
activities to coastal resource change

An indicator of the vulnerability of extractive activities 
to changes in coastal resources was calculated by 
considering the dependency of extractive activities on 
each coastal resource and the impacts on that resource 
of changes arising from land-based activities. This gives 
an overall assessment of the vulnerability of extractive 
activities to a changing coastal resource base. 
The dependency of each extractive activity on each 
coastal resource was measured using the method and 

criteria described in chapter 4 (not dependent; partially 
dependent; fully dependent). The levels of dependency 
(shown in Table 20) are based on expert opinion and 
the literature collected as part of the wider study. Where 
uncertainties remained, additional grey and peer-
reviewed literature was consulted. Each dependency 
rank was then multiplied by the average impact of 
each extractive activity on each coastal resource to 
determine the vulnerability of extractive activities to 
coastal resource change. The vulnerability of extractive 
activities to the depletion of coastal resources was then 
calculated as follows: 

•	 As the maximum effect upon coastal resources 
arising each extractive activity is 90 (see Table 19) 
and there are 7 extractive activities, the maximum 
cumulative effect upon a resource from all 
extractive activities is 90 x 7 = 630.

•	 As the maximum dependency of an extractive 
activity upon a coastal resource is 2 (fully 
dependent), and the maximum cumulative impact 
upon a resource is 630, the maximum vulnerability 
of a sector to change of a single resource is 630 x 
2 = 1260.

The overall vulnerability of extractive activities to 
changes in coastal resources is shown in Table 21. 
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Extractive activities
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Abiotic

Salt 0 0 1 0 0 2 1

Aggregates 2 1 1 1 1 1 1

Coastal minerals 1 1 1 1 2 1 2

Oil and gas 1 0 0 2 0 0 1

Marine renewables 1 1 1 1 1 1 1

Biotic

Fisheries resources 0 0 0 0 0 0 0

Primary production 0 0 0 0 0 0 0

Habitat condition and/or extent 0 0 0 0 0 0 0

Biodiversity 0 0 0 0 0 0 0

Bioprospecting 0 0 0 0 0 0 0

Water quality 0 0 1 0 0 1 0

Dependency Rank

Not dependent 0

Partially dependent 1

Fully dependent 2

Table 20. The dependency of extractive activities on marine resources
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Extractive activities
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Abiotic

Salt 0 0 123 0 0 246 123

Aggregates 110 55 55 55 55 55 55

Coastal minerals 0 0 0 0 0 0 0

Oil and gas 55 0 0 110 0 0 55

Marine renewables 140 140 140 140 140 140 140

Biotic

Fisheries resources 0 0 0 0 0 0 0

Primary production 0 0 0 0 0 0 0

Habitat condition and/or extent 0 0 0 0 0 0 0

Biodiversity 0 0 0 0 0 0 0

Bioprospecting 0 0 0 0 0 0 0

Water quality 0 0 219 0 0 219 0

Vulnerability of activity 305 195 537 305 195 660 373

Table 21. The vulnerability of extractive activities to changes in coastal resources (rated 0-1260).

Looking across the vulnerability to resource change of 
all extractive activities, salt and evaporite mining were 
found to be most vulnerable. This is because they are, 
to some extent, dependent on the purity and quality of 
sea water to produce high quality products, and water 
quality is impacted by an array of other activities. It is 
notable that many of the vulnerability scores shown in 
Table 21 are relatively low. This is a result of extractive 
activities being more dependent on abiotic than biotic 

resources. Abiotic resources have a lower average 
impact score, demonstrating that the vulnerability of 
extractive activities to land-based activities is relatively 
low, as these resources are less likely to be impacted by 
coastal change. 
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6.5	 Governance of extractive activities

As shown in sections 6.3 and 6.4, land-based extractive 
activities mainly impact biotic coastal resources, yet 
mining itself is somewhat insulated from the effects 
of coastal resource change, with relatively minor 
exceptions pertaining to transport infrastructure 
for import of supplies and export of products. This 
asymmetric impact profile is potentially problematic 
from a governance perspective as there is little obvious 
‘self-interest’ for the extractive sector to consider its 
impacts on coastal resources. The IRP (2020) has 
asserted that there is an urgent need to coordinate and 
reform the governance of the extractive sector due to its 
complex array of governance frameworks and initiatives 
operating at multiple scales. Key weaknesses include 
inadequate accounting and management of impacts 
on the natural environment and other resources and 
its limited linkages to other sectors (IRP, 2020). The 
following section considers the legal and voluntary 
arrangements, at various levels, for the governance 
of extractive activities with respect to their impacts 
on coastal resources and thereby potentially to the 
sustainable blue economy. 

International laws and guidelines

At the global level, the United Nations Convention on the 
Law of the Sea (UNCLOS) is the key framework defining 
the use, preservation and conservation of marine 
resources. As set out by UNCLOS, coastal States have 
exclusive rights and jurisdiction over resources within 
their 200 nautical mile Exclusive Economic Zone. This 
includes marine aggregates such as sand and gravel, 
as well as offshore oil and gas deposits. In cases where 
the Exclusive Economic Zone extends into the deep sea 
(beyond the continental margin) nations may also have 
jurisdiction over resources such as polymetallic nodules, 
ferromanganese crusts or massive sulfide deposits 
(Cuyvers et al., 2018). Aside from UNCLOS, multiple 
international frameworks support the sustainable use 
of resources including the Convention on Biological 
Diversity, UN Framework Convention on Climate Change 
and many of the Sustainable Development Goals 
(SDGs) set out in Agenda 2030. These frameworks set 
targets linked to the protection of ecosystems and the 
sustainable use of resources both on land and at sea, 
which by implication includes the negative impacts on 
coastal resources arising from land-based extractive 
activities. Extractive activities with a marine footprint are 
subject to the Convention on the Prevention of Marine 

Pollution by Dumping of Wastes and Other Matter (the 
London Convention), which seeks to protect the marine 
environment from human activities and has been in 
force since 1975. 

Regional regulations 

At the regional level, a number of guidelines focused on 
the management of seabed mining have been developed. 
In the European Union, the ‘Minerals Policy Guide’ (MIN 
Guide) initiative provides guidance for EU Member states 
on minerals policy and legislation, facilitates policy 
decisions related to mineral mining and aims to foster 
collaboration amongst stakeholders (Gottenhuber et al., 
2018). In the Pacific, a collaboration between the Pacific 
Community and the European Union provides a platform 
to bring together 15 Pacific Island countries to develop a 
regional legislative and regulatory framework to improve 
management of marine mineral resources and harmonize 
legislation throughout the region (Miller et al., 2018). 
There are also a number of regional sea conventions 
that indirectly regulate mining and its impacts. Examples 
include the OSPAR Convention for the Protection of 
the Marine Environment of the North East Atlantic, 
which includes regulations related to the dredging and 
dumping of sediments and mining waste materials, and 
the Helsinki Convention for the Protection of the Marine 
Environment of the Baltic Sea Area, which aims to prevent 
and eliminate pollution on the seafloor, coastal zones and 
drainage area of the Baltic Sea. 

The European Marine Strategy Framework Directive 
(MSFD: 2008/56/EC) adopts a different approach by 
requiring Member States to take measures to maintain 
Good Environmental Status (GES) by 2020. GES is 
defined by several descriptors including descriptor 6 
relating to sea-floor integrity, which is closely linked to 
marine aggregate extraction from the seabed. These 
legally binding regional arrangements may not focus 
on mining specifically, but their focus on protecting the 
marine environment from negative impacts and seeking 
to develop standards for the quality of the marine 
environment generate obligations that must be taken 
into account by extractive activities taking placed both 
on land and at sea. Terrestrial regional regulations that 
are focused on, or include, the impacts of land-based 
extractive activities on coastal resources are very limited 
and represent a clear gap in existing governance regimes 
in the extractive sector.
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National governance arrangements 

Responsibility for governing extractive activities 
within the Exclusive Economic Zone lies with national 
authorities, which have the right to grant licenses and 
exploit resources as long as international commitments 
to marine protection are maintained (Cuyvers et al., 
2018). For instance, national governments are obliged to 
minimize ”pollution from installations and devices used 
in exploration or exploitation of the natural resources 
of the seabed and subsoil” (UNCLOS, Article 194.3.c). 
States must also ”protect and preserve rare or fragile 
ecosystems as well as the habitat of depleted, threated 
or endangered species and other forms of marine life” 
(UNCLOS, Article 194.5), which is in line with commitments 
made through other international agreements such as 
the Convention on Biological Diversity. In most cases, 
national governments require an environmental impact 
assessment and/or a strategic environmental assessment 
to be conducted and approved before mining can start, 
to minimize the impact of extractive activities on the 
environment. As the impact on biodiversity is a key 
priority in most assessments (rather than the interests 
of other coastal resource or blue economy sectors), and 
biodiversity is particularly vulnerable to extractive activities, 
this may be seen a reasonable approach. It could also be 

argued that safeguarding biodiversity from the negative 
impacts of extractive activities is likely to protect other 
biotic resources. However, these approaches tend to 
focus on single-sector impacts rather than recognizing 
the cumulative impacts of a variety of land-based (and 
potentially sea-based) activities on biodiversity or other 
biotic coastal resources. 

Governance of coastal extractive activities at the 
national level is dependent on the existence of adequate 
frameworks and effective enforcement. In some cases, 
legislation on coastal extractive activities is based on 
governance frameworks developed for the terrestrial 
environment. The effective enforcement of extractive 
sector regulations is an additional challenge for the 
governance of extractive activities. In most regions, 
aggregates such as sand are a common-pool resource 
extracted without regulation (Torres et al., 2017). Even 
in areas where regulations on sand-mining exist, illegal 
extraction and trade continue - resulting in sand scarcity 
(which has sociopolitical, economic and environmental 
implications) (Torres et al., 2017). In Bangka and Belitung, 
Indonesia, and Kirabati, for example, unregulated and illegal 
aggregate mining activities occur in parallel to regulated 
activities, and this has consequences for critical marine 
habitats as well as worker safety (Baker et al., 2016).
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Industry Initiatives and partnerships 

Private sector actors are increasingly engaging in coastal 
and ocean governance issues and promoting sector-
specific best practices (Campbell et al., 2016). The 
private sector is also widely acknowledged as playing 
a key role in the achievement of international targets 
such as SDGs. By using industry codes of practice 
and management systems, companies engaging in 
extractive activities can improve their environmental 
and social performance. There are a large range of 
industry codes and partnerships aiming to promote 
best practice standards for specific extractive activities 
in coastal and terrestrial areas. The Extractive Industry 
Transparent Initiative, for example, is a global standard 
to promote open and accountable management of oil 
and gas and mineral resources, while the International 
Council of Mining and Metals (ICMM) promotes 
performance improvement in the metals and mining 
industry. The International Cyanide Management Code is 
a voluntary industry programme for gold and silver mining 
companies, which aims to improve the management 
of cyanide used in gold and silver mining, help protect 
human health and minimize environmental impacts. 
With respect to partnerships, the Proteus Partnership 
coordinated by UNEP-WCMC provides biodiversity data 
and advice to companies from the extractive sector to 
help them avoid negative impacts on biodiversity from 
their commercial activities, as well as providing an annual 
forum for members to meet and share practices related to 
biodiversity conservation. Similarly, the online Integrated 
Biodiversity Assessment Tool provides downloadable 
biodiversity data to the private sector, and other types of 
organizations, to enable informed decisions to be taken 
with respect to potential impacts on biodiversity.

Conclusion

In practice, there is considerable multi-scale variation 
in the legal and voluntary regulation of extractive 
activities and their effects on coastal resources. National 
governments, in particular, have had mixed success 
in mitigating the effects of extractive activities. This 
is compounded in some cases by their efforts being 
based on retrofitted legislation and variation in the 
level of protection offered by different countries. Given 
the transboundary nature of the impacts arising from 
extractive activities, it could be argued that bespoke 
regulations are required to reflect the specificities 
of coastal environments along with a coordinating 
mechanism to improve management across national 
and international jurisdictions (Thompson et al., 2018). 
More fundamentally, as the demand for raw materials 
increases, it is becoming increasingly apparent that 
part of the solution for managing the environmental 
impacts of resource extraction lies in moving towards 
an alternative paradigm of production and consumption. 
Achieving a transition towards a circular economy 
will improve reuse and recycling rates, extend product 
lifespans and help to discourage overconsumption, 
thereby helping to address the root causes of human-
induced impacts on coastal and marine environments 
(Thompson et al., 2018; IRP, 2020).
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THE EFFECTS OF SHRIMP AQUACULTURE 
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7.1 	 Introduction 

This chapter is a case study designed to test the method 
applied at the global scale to determine the impact of 
land-based activities on coastal resources (in terms of 
the specific activity of shrimp aquaculture). Aquaculture 
refers to the breeding, rearing and harvesting of 
animals and plants in all types of water environments. 
Aquaculture has become the fastest growing food-
producing sector, and is an increasingly important 
contributor to national economic development and 
food security. Globally, it supplies more than 50 per 
cent of all seafood produced for human consumption 
and is an important source of protein, essential fatty 
acids and - particularly in developing counties - income 
and employment. Aquaculture consists of a broad 
spectrum of users, systems, practices and species, 
operating through a continuum ranging from backyard 
household ponds to large-scale industrial systems. It is 
therefore difficult to draw conclusions about aquaculture 
as a whole from the analysis of shrimp aquaculture 
presented in this chapter. It should also be noted that 
aquaculture practices are changing rapidly, including the 
introduction of Recirculating Aquaculture Systems in 
Europe (which have a lower environmental impact).

Shrimp aquaculture can occur in both the land and sea 
components of the coastal zone and therefore has the 
twin characteristics of generating impacts on coastal 
resources and potentially being affected by changes 
in coastal resources. As such, examining aquaculture 
allows feedback loops in the analysis to be identified and 
considered. The analysis presented in this chapter was 
discussed and validated at a workshop held in Beijing in 
January 2019. The chapter begins with a broad overview 
of aquaculture activities. Then, following the method 
used in chapter 4, the chapter presents an analysis of the 
stressors generated by shrimp aquaculture activities and 
the impact of those stressors on coastal resources. 

7.2	 Context

Aquaculture has grown dramatically over the past 65 
years, as shown in Figure 10. Aquaculture production 
is dominated by Asia (predominately China), which 
has accounted for 89 per cent of world aquaculture 
production for over 20 years (FAO, 2018). This is followed 
by the Americas (4.2 per cent), Europe (3.7 per cent), 
Africa (2.5 per cent) and Oceania (which contributes 
0.3 per cent of world aquaculture production) (FAO, 
2018). There is extensive evidence documenting 
aquaculture’s environmental and ecological impacts, 
including land-use change and modification to make 
way for aquaculture facilities; the release of nutrients 
and organic materials into the environment through 
operational activities; the accidental release of stock - 
resulting in the potential spread of invasive species and 
disease; and the use of chemicals for disease treatment 
that may be toxic to other coastal species (Ribeiro et 
al., 2014; Ottinger et al., 2016). The potential impacts of 
these activities are substantial and often affect areas 
well beyond an aquaculture site, altering terrestrial, 
coastal and marine food webs and impacting species of 
plants, birds and mammals. 

While ecosystems are naturally resilient and can absorb, 
adapt and recycle a range of inputs, this resilience is 
undermined by cumulative impacts that potentially 
result in significant and irreversible damage (Frankic 
and Hershner, 2003). Furthermore, there are concerns 
about how aquaculture affects other coastal activities 
such as fisheries and tourism. The growing global 
human population and rising consumption (chapter 2) 
mean that the global demand for food will increase, and 
aquaculture is likely to play a vital role in meeting that 
demand. In this context, it is a significant challenge to 
decouple the projected growth and intensification of 
aquaculture from the myriad of potential environmental 
and ecological impacts.
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Figure 10. World capture fisheries and aquaculture production (FAO, 2020)

Aquaculture has played an increasing role in social and 
economic development in developing and developed 
countries in recent years. In industrial nations, 
aquaculture is known to bring jobs and infrastructure, 
particularly to isolated rural areas. However, aquaculture 
industries in developed nations suffer from low 
availability of high-paying jobs combined with a lack of 
appropriately trained staff willing to work in low-skilled 
and low-paid positions. Nonetheless, job retention in 
isolated areas helps stabilize community structure 
and drives secondary industry and services (Neiland 
et al., 1991). Aquaculture can cause unwanted societal 
effects when it produces boom and bust cycles, with 
potential collapses caused by disease outbreaks, food 
safety recalls or natural disasters. Aquaculture can 
prompt resource conflicts when traditional users feel 
that aquaculture is encroaching on their ‘patch’. However, 
most of these disturbances to traditional societies are 
typical for fast-expanding industries, and are not specific 
to aquaculture alone (Orchard et al., 2015).

7.3	� The impact of shrimp aquaculture 
on coastal resources

This chapter focuses on shrimp aquaculture due to its 
widespread global production, economic importance 
and documented environmental impacts. Shrimp 
aquaculture has grown significantly in most tropical 
and subtropical coastal areas of the world including 
Asia, Africa and the Americas (Kobayashi et al., 2015). 
Shrimp aquaculture is commonly undertaken in coastal 
ecosystems such as wetlands and estuaries, and often 
in close proximity to mangroves. In many cases, shrimp 
aquaculture genuinely straddles the land-sea interface. 
The stage of development, species and location all 
influence the stressors generated by shrimp aquaculture 
(see below):
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Stage of development 

After approximately one week as larvae, shrimp 
metamorphose into postlarvae. In the wild, postlarvae 
migrate into estuaries, which are rich in nutrients and low 
in salinity. When they mature, they migrate back into open 
waters as adults. In a shrimp-farming context, this life cycle 
occurs under controlled conditions to allow more intensive 
farming, reduce predation and accelerate growth and 
maturation:

•	 Larvae production: Until the mid-1980s, most 
farms were stocked with postlarvae, typically 
caught locally. However, to counteract the 
depletion of fishing grounds and to ensure a 
steady supply of young shrimp, the industry 
started breeding shrimp larvae in hatcheries. 
Large shrimp farms maintain their own hatcheries 
and tend to sell larvae to smaller farms in their 
local region, while small-scale hatcheries are 
very common throughout South-East Asia. Often 
run as family businesses and using a low-tech 
approach, they use small tanks (less than ten 
tons) and often low animal densities. The survival 
rate is anywhere between zero per cent and 90 
per cent, depending on a wide range of factors 
including disease, weather and the experience of 
the operator. The larvae culture is usually carried 
out in recirculating systems with little impact on 
local or nearby areas using diverse technologies 
that allow good control of variables with low risk 
of released animals, pathogens, parasites and 
contaminated waters to the surrounding water 
bodies. 

•	 Postlarvae production: Postlarvae are stocked in 
controlled nursery ponds. Many farms have tidal 
nursery ponds with constant water exchange with 
the sea in order to avoid the use of pumps, and 
in certain cases shrimp are cultured in cages in 
the sea. Many farms have nurseries where the 
postlarval shrimp are grown into juveniles for 
another three weeks in separate ponds or tanks, 
or so-called ‘raceways’. A typical nursery contains 
150 to 200 animals per square metre. They are fed 
a high-protein diet for a maximum of three weeks 
before they are moved to the grow-out ponds. 
Nurseries have a higher environmental impact due 
to the space and volume of water they require.

•	 Adults: After postlarvae reach the required size, 
they are transferred to grow in ‘out ponds’ where 
they remain until they reach a marketable size 
(between three and six months). Shrimp are 
harvested using nets or by draining the ponds. 
Extensive shrimp farms using traditional low-

density and low-tech methods are invariably 
located in coastal areas and are often close to 
mangroves, while intensive shrimp farms use 
engineered and constructed ponds.

Species

Shrimp aquaculture production has focused on a relatively 
small number of shrimp species due to their proven 
economic profitability and technical reliability. The most 
economically important species are the whiteleg shrimp 
(Littopenaeus vannamei) (also known as Pacific white 
shrimp or king prawn), tiger shrimp (Penaeus monodon) 
and Chinese shrimp (Fenneropenaeus chinensis). These 
species were the focus of our analysis. 

Location 

Shrimp aquaculture has extended to most tropical 
and subtropical areas of the world. Due to differences 
in regulation, aquaculture practices and species, the 
levels of environmental impact vary substantially. The 
locations selected for this analysis are Asia, Africa 
and Americas, as they best represent the diversity of 
countries producing farmed shrimp. The differences 
between the locations is as follows:

•	 Americas: Shrimp farming in Latin America and 
the Caribbean is a complex, diverse and dynamic 
activity, occurring in 22 out of 36 countries. 
Whiteleg shrimp constitutes 91 per cent of all 
shrimp farmed in the Americas, while five nations, 
led by Brazil, comprise 82 per cent of farmed 
production. The shrimp-farming industry has 
been linked to multiple environmental concerns, 
including mangrove deforestation, changed 
watercourses , pollution from organic feeds, 
chemical leaching, transfer of exotic species and 
diseases from one continent to another and the 
spread of diseases to wild species. There is a 
lack of trained staff, and national authorities have 
limited resources to deal with the sudden growth 
of the industry (leading to weak surveillance and 
enforcement). 

•	 Asia: Generally speaking, shrimp farming in Asia is 
comparable to that in the Americas. Prior to 2000, 
the tiger shrimp (Penaeus monodon) was the 
most commonly reared species as it is within the 
species’ natural range and generates significant 
demand from both local and international markets. 
However, in recent years, the whiteleg shrimp has 
been preferred due to its resistance to white spot 
disease. The Asian shrimp aquaculture industry 
is widely operated by private entrepreneurs with 
enough capital to build intensive systems to raise 
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and produce higher yields. In recent years, whiteleg 
shrimp was introduced and contributed to a high 
percentage of shrimp production in Asia.

•	 Africa: Africa holds tremendous potential for 
the development of commercially viable shrimp 
aquaculture. To date, however, the perceived 
advantages of working in Asia and the Americas 
have meant relatively little investment in shrimp 
aquaculture in Africa. Nevertheless, investments 
are increasing in Madagascar and Egypt (Sadek et 
al., 2011). The development of aquaculture in this 
region needs more study and investment, as well 
as planning and policy support.

Given the different developmental stages, species 
and locations involved in the assessment of shrimp 
aquaculture, the stressors used in chapter 4 were 
re-considered to ensure their relevance. As per the 
extractive activities case study, nitrogen and phosphorus 
concentrations were combined into one stressor, 
referred to as ‘dissolved nutrients’. The stressors of 
turbidity, temperature, salinity and current were omitted 
due to their limited relevance to aquaculture and were 
replaced by organic particles, parasites and disease, 
genetic contamination and the reduction of natural 
populations (linked to the reliance of aquaculture on wild 
populations), which were considered to be more relevant 
(Wasielesky et al., 2006; Lightner, 2007). As in chapter 4, 
in order to determine and quantify the linkages between 
aquaculture activities and stressors in a systematic 
manner, a matrix was developed showing how each 
stressor could be influenced by each aquaculture 
activity (Table 22). The matrix was constructed using the 
following approach:
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•	 For each of the 90 possible aquaculture-stressor 
relationships (each cell of the matrix), an expert-
judgement based assessment was made of 
the strength of the influence of the aquaculture 
activity on the stressor (using the categorization 
high, medium, low, no impact found or unknown) 
and the direction of the influence found (using 
the categorization increase; decrease; neutral; 
and not applicable). When expert judgement was 
unavailable, academic papers, relevant literature, 
grey literature and literature from industrial 
bodies was consulted. A total of 41 papers were 
reviewed. It should be noted that the use of expert 
judgement in the stressor analysis represented a 
variation from the methods used for the ‘global’ 
and extractive activity analyses. However, this 
was a useful test of an alternative application of 
the method to reflect contexts where there is little 
published evidence or there is a need for a rapid 
assessment of stressors and impacts. 

•	 To calculate an average influence of each 
aquaculture activity on each stressor, a 
weighting was attributed to each activity-stressor 
relationship using the simple system of 3 for high 
impact, 2 for medium impact, 1 for low impact 
and 0 for no impact found. As each aquaculture 
activity can influence 10 potential stressors, the 
maximum influence of each aquaculture activity is 
30 (10 x 3). 
The resultant ranking is presented in Table 23.

The Effects of Shrimp Aquaculture on Coastal Resources
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Larvae O O O O   O   

Postlarvae O O    O O  O O

Adults     O O O  O O
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Pacific white shrimp     O  O   

Asian tiger shrimp     O     

Chinese white shrimp     O   NA  
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Americas     O     

Asia     O     

Africa O O O O NA NA NA NA NA O

Key

Strength of impact  Direction of impact

 High  Increase

 Medium  Decrease

 Low O Neutral

 No studies found * No impact found

N/A No studies found

Table 22. Stressors generated by shrimp aquaculture 
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From shrimp aquaculture To stressors

Dissolved nutrients

Dissolved oxygen

Organic particles Persistent toxins
Invasive
species

Reduction 
of natural 
populations

Parasites and disease

Plastics and
other debris

Sedimentation Genetic contamination

Aquaculture in 
the Americas

Asian tiger shrimp Chinese white shrimp

Post-larvae

Larvae
Aquacult.
in Africa

Pacific white shrimp

Adults
Aquaculture
in Asia

Table 23. Shrimp aquaculture activities ranked according to their cumulative influence on stressors

Overall, adult stage shrimp aquaculture (regardless 
of species) was found to generate nearly all stressors, 
both natural and non-natural, to a moderate or high level. 
This suggests that shrimp aquaculture is likely to have a 
significant effect on coastal resources, particularly biotic. 
Bangladesh is the world’s fifth largest shrimp producer, 
and severe degradation of the coastal environment has 
occurred there. Of particular concern is the removal of 
mangroves due to unplanned and unregulated shrimp 
farm development. This has harmed biodiversity in coastal 
areas and led to saltwater incursion with an associated 
soil salinity increase of up to 500 per cent, endangering the 
viability of land-based agriculture in the coastal zone (Sohel 
& Ullah, 2012). 

Although shrimp production in Africa was found to 
have the lowest stressor impact, this may be due to 
the limited amount of evidence available for this region 
rather than a lack of exposure to stressors. Stressor 
impact appears to increase from larvae to postlarvae 
and adult life stages, perhaps reflecting increased 
inputs to the aquaculture system as individuals mature. 
Dissolved oxygen and dissolved nutrient levels (both well 
documented consequences of aquaculture) were the 
stressors found to be most commonly generated, while 
a reduction of natural populations was found to be the 
least generated stressor. Shrimp aquaculture was found 
to increase plastics in coastal waters, although this was 
not related to life stage. 

In order to determine and quantify the impacts on 
coastal resources arising from shrimp aquaculture 
stressors in a systematic manner, a matrix was 
developed mapping their connections. As some of 
the stressors were the same as those used in chapter 
4, these results were carried forward. However, due 
to the inclusion of several additional stressors, a 
new assessment was conducted for the additional 
stressors, again using expert opinion. The resulting 
matrix is presented in Table 24, which shows that 
sedimentation had the highest impact of all stressors, 
closely followed by organic particles and persistent 
toxins. Natural stressors generated the greatest impact 
on coastal resources, and biotic resources were found 
to be the most sensitive to all stressors. As in the 
preceding analyses, abiotic coastal resources suffered 
little impact from aquaculture stressors. While these 
findings broadly align with expectations, there may also 
be a bias in the literature towards more tangible and 
historically recognized stressors such as sedimentation 
and temperature compared to relatively new stressors 
such as plastics, and also a bias towards studying the 
impacts of stressors upon species and ecosystems 
rather than other activities, such as salt production or 
marine renewables. 

The Effects of Shrimp Aquaculture on Coastal Resources
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Abiotic

Salt           8

Aggregates 3

Coastal minerals           0

Oil and gas           4

Renewables           7

Biotic

Fisheries resources           26

Primary production           18

Habitat condition / extent           25

Biodiversity           30

Marine genetic resources           15

Water quality           20

Cumulative weight of stressor / 33 23 19 17 14 13 19 14 16 12 13  

Key

Strength of impact Allocated weight

 High 3

 Medium 2

 Low 1

 No impact 0

 No studies 0

Table 24. Effect of shrimp aquaculture stressors on coastal resources
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As in chapter 4, the strength of each impact pathway 
between a shrimp aquaculture activity and a coastal 
resource was calculated by combining the relationship 
between aquaculture activities and the stressors they 
generate, with the impact of each stressor on each 
coastal activity. Therefore, for each cell in Table 25, the 
impact of each aquaculture activity on a corresponding 
resource is determined by numerically multiplying 
the aquaculture activity-stressor relationship value 
with the stressor-resource relationship value. As the 
maximum impact of an aquaculture activity on a 
potential ecosystem stressor is 3, and the maximum 
impact of a potential ecosystem stressor on a resource 
is 3, and there are 10 potential stressors, the maximum 
cumulative impact of an aquaculture activity on a 
coastal resource is 3 x 3 x 10 = 90. Table 25 does not 
show an evidence rating, as the evidence underpinning 
this analysis was primarily derived from expert opinion. 

The analysis presented in Table 25 suggests that the 
location of a shrimp aquaculture facility does not 
have a particularly strong influence on the impact of 
aquaculture on coastal resources. However, all species 
at postlarval stage generate significant impacts on 
coastal resources (and biotic resources in particular). 
Biodiversity, fisheries and habitat are the biotic 
coastal resources particularly impacted by shrimp 
aquaculture. This is a direct result of the reliance of 
these resources on the quality of the coastal ecosystem, 
which is severely affected by the profound physical and 
chemical changes generated by shrimp aquaculture. 
Abiotic resources are comparatively unaffected by 
shrimp aquaculture, with the limited exceptions of salt 
production and renewable energy production. Salt relies 
upon clean water, which is compromised by aquaculture, 
while renewable energy is negatively impacted by 
sediment-laden water. It is clear from the analysis that 
shrimp aquaculture is a highly impactful activity that 
requires careful management to limit its effects on 
coastal resources. 

Shrimp aquaculture activities Resources

Abiotic Biotic
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Larvae 6 9 0 6 12 24 15 22 24 13 21

Post-larvae 18 9 0 10 21 42 32 44 45 11 41

Adults 26 5 0 10 19 45 30 37 45 18 29

Pacific white shrimp 23 10 0 10 29 59 39 50 60 27 38

Asian tiger shrimp 16 9 0 10 21 48 32 48 51 18 45

Chinese white shrimp 21 7 0 14 24 39 27 32 39 15 20

Americas 13 6 0 8 14 27 27 27 27 6 25

Asia 13 6 0 8 14 27 27 27 27 6 25

Africa 13 6 0 8 14 27 27 27 27 6 25

Legend

30  Strength of impact between aquaculture activities and coastal  
 resources from a (maximum of 90)

Table 25. Impact of shrimp aquaculture activities on coastal resources

The Effects of Shrimp Aquaculture on Coastal Resources
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7.4	 �The vulnerability of shrimp  
aquaculture to coastal 
resource change

An indicator of the vulnerability of shrimp aquaculture 
to changes in coastal resources was calculated by 
considering the dependency of shrimp aquaculture on 
each coastal resource and the impacts on that resource 
in the face of changes caused by land-based activities. 
This gives an overall assessment of the vulnerability 
of shrimp aquaculture to a changing coastal resource 
base. The dependency of each shrimp aquaculture 
activity on each coastal resource was measured using 
the method and criteria described in chapter 4 (not 
dependent; partially dependent; fully dependent). The 
levels of dependency (shown in Table 26) are based on 
expert opinion and the literature collected as part of the 
wider study. Where uncertainties remained, additional 
grey and peer-reviewed literature was consulted. Each 
dependency rank was then multiplied by the average 
impact of each shrimp aquaculture activity on each 
coastal resource to determine the vulnerability of 
aquaculture activities to coastal resource change. 
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The vulnerability of shrimp aquaculture activities to the 
depletion of coastal resources was then calculated as 
follows: 

•	 As the maximum impact upon coastal resources 
arising from each shrimp aquaculture activity 
is 90 and there are three shrimp aquaculture 
activities to consider (stage, species and location), 
the maximum cumulative impact upon a resource 
from an aquaculture activity is 90 x 3 = 270.

•	 As the maximum dependency of a shrimp 
aquaculture activity upon a resource is 2 (fully 
dependent) and the maximum cumulative 
impact (per activity) upon a resource is 270, the 
maximum vulnerability of an activity to a single 
resource is 270 x 2 = 540.

The overall vulnerability of shrimp aquaculture activities to 
changes in coastal resources is shown in Table 27. 
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Shrimp aquaculture activity
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Abiotic

Salt 1 2 2 1 2 2 1 1 1

Aggregates 0 0 0 0 0 0 0 0 0

Coastal minerals 0 0 0 0 0 0 0 0 0

Oil and gas 0 0 0 0 0 0 0 0 0

Marine renewables 0 0 0 0 0 0 0 0 0

Biotic

Fisheries resources 0 1 1 2 2 2 2 2 2

Primary production 2 2 2 2 2 2 2 2 2

Habitat condition / extent 0 2 2 2 2 2 2 1 2

Biodiversity 1 2 2 2 2 2 2 2 2

Bioprospecting 0 0 0 1 0 0 1 0 0

Water quality 2 2 2 2 2 2 2 2 2

Dependency Rank

Not dependent 0

Partially dependent 1

Fully dependent 2

Table 26. Dependency of shrimp aquaculture activities on coastal resources

The Effects of Shrimp Aquaculture on Coastal Resources
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Shrimp aquaculture activities
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Abiotic

Salt 50 100 100 60 120 120 39 39 39

Aggregates 0 0 0 0 0 0 0 0 0

Coastal minerals 0 0 0 0 0 0 0 0 0

Oil and gas 0 0 0 0 0 0 0 0 0

Marine renewables 0 0 0 0 0 0 0 0 0

Biotic

Fisheries resources 0 111 111 292 292 292 162 162 162

Primary production 144 144 144 196 196 196 162 162 162

Habitat condition / extent 0 206 206 260 260 260 162 81 162

Biodiversity 114 228 228 300 300 300 162 162 162

Bioprospecting 0 0 0 60 0 0 18 0 0

Water quality 182 182 182 206 206 206 150 150 150

Vulnerability of activity 201 327 327 505 468 468 477 414 459

Table 27. The vulnerability of shrimp aquaculture activities to changes in coastal resources (rated 0-540)

Table 25 demonstrates that shrimp aquaculture is highly 
dependent upon biotic coastal resources - particularly 
primary production, water quality, biodiversity and 
habitat condition/extent. The overall quality of the 
coastal ecosystem is therefore a key influence on shrimp 
aquaculture. This dependency appears to hold true for 
all species and locations included in this study. Shrimp 
aquaculture appears to have very little dependency on 

abiotic resources, with the possible exception of salt. 
Table 26 presents the vulnerability of shrimp aquaculture 
to coastal resource change. It shows that shrimp 
aquaculture is highly vulnerable to changes in biotic 
resources, highlighting the importance of the health and 
productivity of the coastal system to productive shrimp 
aquaculture.
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7.5	 Governance of shrimp aquaculture

As shown in section 7.3 and 7.4, while shrimp 
aquaculture activities generate significant impacts 
on biotic coastal resources, shrimp aquaculture itself 
is also extremely dependent upon the quality of the 
same coastal ecosystems. This is a rather symmetrical 
governance situation, in which there is a clear self-
interest for shrimp aquaculture to carefully manage 
its own impacts on coastal ecosystems in order to 
safeguard its own productivity. In order to assess the 
adequacy of land-sea governance arrangements, the 
following section considers the legal and voluntary 
arrangements, at various levels, for the governance of 
shrimp aquaculture with respect to impacts on coastal 
resources. 

International and regional laws and guidelines 

Sustainable and responsible aquaculture (in general) is 
governed by a range of international conventions and 
codes of conduct, including the Sustainable Development 
Goals, the Convention of Biological Diversity (CBD) 
and multiple ICES Codes of Practice. The FAO Code of 
Conduct for Responsible Fisheries and other guidelines 
provide a framework for national and international efforts 
to sustainably conserve and manage aquatic resources. 
At the national level, many countries have made efforts to 
improve aquaculture governance, but often lack policies, 
framework strategies and plans, and the implementation 
of legal measures is weak. In addition, there are often 
long time lapses between policy formulation, policy 
adoption and the formulation of concerted action plans. 
This means that strategies may no longer apply in rapidly 
changing circumstances (Satia, 2011). As such, Wurmann 
(2017) asserts that countries need to update their 
essential instruments in line with changes in the sector 
and promote participatory and inclusive mechanisms 
involving all stakeholder groups in the formulation 
of essential instruments and build capacity for the 
implementation of the instruments developed. 

In contrast, the European Union is driving coordinated 
efforts to enhance sustainable aquaculture through: 
(i) The implementation of EU environmental legislation 
(the Marine Strategy Framework Directive), (ii) Maritime 
Spatial Planning with an ecosystem-based approach (iii) 
Strategic Guidelines for the development of the sector 
in the EU and National Strategic Plans by EU Member 
States, (iii) regular exchange of best management 
practices among EU Member States; (iv) support to the 

aquaculture sector to adopt more sustainable practices; 
and (v) support for research and innovation on different 
aspects to support the environmental performance of the 
aquaculture sector. Although there is no single monitoring 
and control system specific to aquaculture at the EU level, 
EU Member States require environmental monitoring 
and control of aquaculture activities. An environmental 
assessment is required for intensive aquaculture activities 
under EU legislation.

National governance arrangements 

Most countries do not have a specific aquaculture 
policy as it is included in the remit of fisheries 
departments. Aquaculture development is mainly 
based on development plans elaborated by the sector’s 
authorities but without formal approval. Participatory 
mechanisms involved in defining policy mostly take the 
form of unofficial consultations. The most common 
problem concerning the administrative aspects of 
responsible aquaculture is administrative overlap and 
interference. This problem arises from unclear regulation 
of the sector and a confused administrative situation 
(FAO, 2010). Some countries with significant large-
scale aquaculture industries (including Japan, Thailand, 
some states of the United States and parts of Europe) 
do not apply environmental impact assessments to 
aquaculture development, but rather rely on a range of 
alternative environmental management procedures. 
In the United States, for example, a Code of Practice 
for aquaculture is included in US fisheries policies 
(Boehlert and Schumacher, 1997), whereas aquaculture 
development in Mexico is under the jurisdiction of the 
National Fisheries Charter - a legally binding instrument 
that supports innovative processes to foster use of 
native species and to avoid the use of exotic species 
(Alvarez-Torres et al., 2002). In many African countries, 
the ability of individuals, companies, governments and 
development agencies to plan for aquaculture projects 
that are financially and environmentally sustainable is 
hampered by a lack of technical capacity, as well as 
scarce resources.

FAO (2010) advocates the adoption of an ecosystem 
approach to aquaculture at a national scale, as such 
an approach integrates aquaculture within the wider 
ecosystem (thereby promoting sustainable development, 
equity and resilience of interlinked socioecological 
systems). As such, the approach facilitates the adoption 
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of international and national policies and regulations 
at a relevant geographical or administrative scale. 
This can involve the zoning of aquaculture to reduce 
conflicts with other users of aquatic resources and 
minimize negative environmental and social impacts; 
estimating the safe carrying capacity for aquaculture in 
an area; and undertaking some form of environmental 
impact assessment or risk assessment (particularly 
in relation to pollution, environmental disturbance and 
the introduction of invasive species). This approach 
would work well as part of a marine spatial planning 
framework. Sustainable aquaculture also needs good 
management and control, which can be enforced by 
regulators requiring regular environmental surveys, 
voluntary Codes of Best Practice and by licensing or 
certification schemes. 

Industry initiatives and partnerships

Best management practices and performance standards 
have been used as a means of preventing unacceptable 
environmental damage and have often been developed 
by industry groups. These guidelines bring clarity and 
transparency to approval processes, while reducing 
conflict with other activities. Such guidelines focus 
attention and debate on substantive issues while 
minimizing the chances of conflicts developing around 
tangential issues. Such guidelines include environmental 
impact assessments; zoning, siting and monitoring 
criteria; and the identification of key indicators and 
environmental performance standards.

Conclusion

Given the focus on shrimp aquaculture in Asia, the 
Americas and Africa in this study, the following 
conclusions are only relevant to this form of aquaculture. 
It is clear that shrimp aquaculture, whether occurring 
on land or at sea, requires very careful and stringent 
management within a strong governance framework. 
The impacts of shrimp aquaculture on coastal resources 
(including other aquaculture activities) are significant 
and potentially long lasting. Given these considerations 
and the activity’s linkages to other coastal activities and 
resources, the management of shrimp aquaculture must 
take place within an integrative framework that respects 
cross-sectoral and cross-border linkages and takes due 
account of them in management decisions. 

One approach to sustainable shrimp aquaculture 
development is careful planning, zoning and prioritization 
of sites among the different potential users. Conflicts 
with other users and other economic activities (such as 
fisheries, agriculture, forestry, tourism and subsistence 
users) can be costly and can cause irreversible damage 
to ecologically and economically critical resources. 
Another approach is to promote aquaculture best 
practices. At the national level, this would include a 
national aquaculture policy, strategy, guidelines and 
action plan to be in place (including shrimp aquaculture). 
National aquaculture development processes should 
be transparent and take place within the framework 
of relevant national policies, regional and international 
agreements, treaties and conventions. Finally, research 
and technological innovations should be promoted 
to enhance shrimp and other forms of aquaculture 
sustainability through viable solutions, and to reduce 
physical, chemical, biological and social impacts. 
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8.1	 Introduction

The principal aim of this report was to determine 
appropriate governance approaches to reduce the effects 
of land-based activities on coastal resources and support 
the transition to a sustainable blue economy. Governance 
in this study refers to the frameworks, processes, actors 
and ideas through which decisions and strategies are 
chosen and implemented (Oakerson, 1992; Kooiman et al., 
2008). The complex cross-institution, cross-jurisdiction 
and cross-natural boundary character of the governance 
required to address the land-sea challenges highlights 
the challenge of governance in this sector. What is clear 
is that that any governance response must support 
coordinated outcomes that: respect the importance of 
land-based activities and coastal resources, protect the 
most vulnerable coastal resources and sustain healthy 
ocean economies that rely on living and non-living marine 
resources.

As presented in this report, the effects of land-based 
activities on coastal resources are complex and difficult 
to observe, as there are numerous potential pathways 
through which resources can be affected by land-based 
activities. The unique contribution of this study is to 
unpick the relationships between activities and resources, 
in order to identify, describe and quantify cumulative 
impact pathways. This understanding is of critical 
importance for the governance of resources that underpin 
the sustainable blue economy. As explained in chapter 1, 
this research draws from the existing scientific literature 
with its inherent strengths and weaknesses. In order to 
offset risks to the numerical analysis applied to the results 
of the literature-based evidence reviews, strong quality 
assessment and validation measures were adopted 
throughout the study.

The transition to a sustainable blue economy is a 
widespread objective of ocean governance, at the heart of 
which is the conservation of the biotic and abiotic resources 
that support ‘blue’ economic activities. At present, visions 
and approaches to the sustainable blue economy tend to 
focus on ocean-orientated governance approaches, with 
relatively little consideration of the possible influence of 
land-based activities. This chapter begins by synthesizing 
the key governance challenges identified through this 
study, before presenting a range of possible governance 
responses. The report concludes with governance 
recommendations intended to reduce the impacts of land-
based activities on coastal resources while supporting the 
transition to a sustainable blue economy. 

8.2	 Synthesis of results

In this section, the results of the ‘global’ study of the 
relationships between a series of land-based activities 
and relevant coastal resources are combined with the 
case study analyses of extractive activities and shrimp 
aquaculture. This enables observations to be drawn across 
three comparable analyses.

The stressors generated by land-based activities are 
important, as these initiate impact pathways between an 
activity on land and coastal resources. From the three 
analyses presented in Table 28, it is clear that shrimp 
aquaculture generated the greatest influence upon 
both natural and non-natural stressors and generated 
stressors not created by other activities (such as genetic 
contamination of natural populations and the release of 
organic matter into the water column). This is because 
shrimp aquaculture systems depend on, and are part of, 
natural waters and food chains. As such, shrimp aquaculture 
can profoundly affect the coastal environment by modifying 
and affecting natural habitats, sediments, ecosystems, 
species and chemical composition. It is, however, important 
to remember that the extent of the stressors generated by 
shrimp aquaculture can depend upon the location of the 
production site, the stage in the aquaculture life cycle and 
specific site-level management practices. It should also be 
noted that, due to the close and visible link between shrimp 
aquaculture and the natural world, the body of evidence and 
research is generally stronger than for many other activities. 
In contrast, extractive activities have a relatively limited role in 
the generation of stressors, with the exception of increased 
sedimentation and the introduction of persistent toxins.
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Average generation of stressors

 Analysis Natural Non-natural

Global 1.6 1.9
Extractive activities 1.4 1.4
Shrimp aquaculture 2.4 2.2

Table 28. Summary of average generation of stressors arising from land-based activities 
(maximum value of 3)

Table 29 compares the impacts of stressors on coastal 
resources. It shows that there is no significant difference 
in impact between the analyses, with the exception 
that shrimp aquaculture-generated stressors have 
reduced impacts upon abiotic resources compared to 
other stressors. However, the average impact on biotic 
resources is much greater than on abiotic resources in 
all three analyses. This is largely because the threshold 
for impact on abiotic resources is considerably higher 
than for biotic resources. As such, biotic resources are 
most vulnerable to stressors generated by land-based 
activities. From a governance perspective, this suggests 
that limiting the most influential stressors - including 
persistent toxins, sedimentation and plastics - should be 
the focus of governance interventions.

In order to compare cumulative effects, the results of the 
matrices showing the effects of land-based activities on 
coastal resources for each of the three analyses were 
standardized (on a scale of 0-50) then divided by the 
number of activities generating pathways. The results 
shown in Table 30 indicate that biodiversity, fisheries 
and habitat conditions are the coastal resources most 
impacted by cumulative effects arising from land-
based activities, whereas coastal minerals, aggregates 
and genetic resources are the least impacted. Notably, 
while shrimp aquaculture was found to have the most 
impact on stressors, when viewed cumulatively across 
all possible impact pathways, extractive activities 
had a greater impact. On average, biotic resources 
were impacted nearly three times as much as abiotic 
resources and nearly six times as much in the case of 
shrimp aquaculture.

 Analysis
Average impact 

on abiotic coastal 
resources

Average impact 
on biotic coastal 

resources

Average impact on 
all coastal resources 
by natural stressors

Average impact on 
all coastal resources 

by 
non-natural 

stressors
Global 0.7 2.2 1.6 1.5
Extractive activities 0.7 2.2 1.6 1.5
Shrimp Aquaculture 0.4 2.3 1.6 1.3

Table 29. Summary of the impact of stressors on coastal resources (maximum value of 3)
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Coastal resources

Analysis
Salt Aggregates Coastal 

minerals
Oil  

and 
gas

Renew-
ables

Fisheries Primary 
Production

Habitat 
condition

Biodiversity Genetic 
resources

Water 
quality

Global 9.0 4.7 0.0 5.5 9.7 21.2 16.3 20.2 23.0 7.2 17.5

Extractive 
activities

12.7 5.2 0.0 6.7 13.7 28.2 20.1 25.9 29.0 10.4 21.9

Shrimp 
aquaculture

9.4 4.2 0.0 5.5 11.0 21.6 17.0 20.0 21.9 7.4 16.9

Table 30. Cumulative impact pathways on coastal resources (rated 0-50).

As expected, Table 31 shows that extractive activities 
have a greater dependency upon abiotic resources 
than biotic resources, and that shrimp aquaculture is 
highly dependent upon biotic resources. Overall, shrimp 
aquaculture was found to be more vulnerable to coastal 
resource change caused by land-based activities than 

extractive activities. In terms of vulnerability to changes 
in biotic resources, shrimp aquaculture is, on average, 35 
times more vulnerable to change in biotic resources than 
extractive activities. This is due to its high dependency 
on a wide range of biotic resources and the huge variety 
of cumulative impacts experienced by biotic resources. 

Resource Global
Extractive 
activities

Shrimp 
aquaculture

Salt 1 1 1

Aggregates 1 1 0

Coastal minerals 1 1 0

Oil and gas 1 1 0

Marine renewables 1 1 0

Fisheries resources 1 0 2

Primary production 0 0 2

Habitat condition and/or extent 0 0 2

Biodiversity 0 0 2

Genetic resources 0 0 0

Water quality 0 0 2

Table 31. The average dependency of blue economy sectors upon coastal resources (range 0-2).
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8.3	 Governance response

Governance implications

It is clear from this study that land-based activities 
generate multiple natural and non-natural stressors that 
impact the condition of coastal resources. Particularly 
impactful stressors were increasing concentrations 
of sediment (such as those from infrastructure 
development or poor land management), increasing 
concentrations of persistent toxins (including from 
mining runoff), increasing concentrations of plastic (for 
instance, from poor industrial production processes) and 
increasing concentrations of nitrogen and phosphorus 
(from, inter alia, poor agricultural practices). Agriculture, 
ports/harbours and aquaculture were the land-based 
activities with the greatest cumulative impacts on 
coastal resources, and should therefore be governance 
priorities. Sustainable blue economy sectors that 
depend upon coastal resources are vulnerable to 
changes in the coastal resource base generated by 
the stressors from sub-optimal management of land-
based activities. Sectors that rely upon biotic coastal 
resources (such as fisheries, aquaculture and tourism) 
are especially vulnerable. In simple terms, if we want 
an equitable and sustainable blue economy to develop 
and flourish, governance structures must be developed 
to reduce the vulnerability of blue economy sectors to 
changes in the coastal resource base arising from poorly 
managed land-based activities.  

As demonstrated by the case studies of extractive 
activities and aquaculture, governance arrangements 
that effectively take account of multiple land-sea 
impact pathways are not common. It was clear from 
the extractive activities case study that national 
governments have had mixed success in tackling the 
negative effects of terrestrial extractive activities and 
that the legislation in place is not always tailored to the 
land-sea context. It was also notable that voluntary 
partnerships are a key element of the extractive sector’s 
approach to impact avoidance, particularly before 
extractive activity has commenced. However, given the 
profoundly damaging stressors generated by extractive 
activities, the effectiveness of voluntary approaches is 
questionable. 

Similarly, shrimp aquaculture generates significant 
negative impacts on a range of biotic coastal resources 
(including other aquaculture activities), and therefore 
requires very careful and stringent management. Given 

that both extractive activities and shrimp aquaculture 
operate in a coastal context that is intensely used by 
a variety of other sustainable blue economy sectors, 
their management must take place within an integrative 
framework that respects cross-sectoral and land-sea 
linkages and takes due account of these and other trade-
offs in management decisions. The absence of such a 
coordinating mechanism in the case studies was clear, as 
was a lack of capacity to adopt governance approaches 
and management actions that take adequate account of 
the effects of land-based activities on coastal resources. 
Perhaps more fundamentally, there is an absence of 
governance arrangements that adequately consider 
effects that: 1) connect activities that have tended to be 
managed separately and may be spatially distant; 2) cross 
the land-sea interface; and 3) cross national borders. 

Governance challenges

In order to inform the development of governance 
recommendations, it is important to reflect on the 
broader challenges facing any governance approach that 
needs to encompass terrestrial and marine activities. 
However, this should be prefaced with the following 
assertion: the main responsibility for controlling the 
effects of land-based activities on coastal resources 
lies with the State where the land-based activity occurs. 
Where effects on coastal resources are within the same 
State, then the challenge is largely about consistency 
of national legal and voluntary approaches, and in the 
case of federal States it is consistency between national 
and provincial approaches. Where the effects lie outside 
of the State in which the land-based activity occurs, 
this requires international agreements to be in place, to 
address transboundary issues effectively, and for the 
agreement to be adhered to.

First, it is important to recognize that ocean health 
and sustainable resource use are closely linked to the 
achievement of broader environmental objectives within 
global frameworks such as the Convention of Biological 
Diversity (CBD) and the United Nations Framework 
Convention on Climate Change (UNFCCC), as well 
as wider sustainability objectives addressed within 
Agenda 2030 for Sustainable Development. Tackling 
challenges such as marine pollution (SDGs 14.1 and 
6.3), for example, can increase the availability of marine 
resources for food and thereby contribute to eliminating 
malnutrition (SDG 2.2) (Singh et al., 2018). Combating 
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overfishing is also intricately linked to the attainment 
of other SDGs, such as tackling illegal labour practices 
(linked to SDGs 8.7 and 16.2) and maintaining fish stocks 
for future generations, thereby helping to preserve 
biological and cultural heritage (SDG 11.4) (Singh et al., 
2018). 

Importantly, the relationship between land and sea-
based targets may not always be positive and can 
potentially lead to trade-offs. Marine Protected Areas, for 
example, could compromise food security and targets 
linked to eliminating socioeconomic disparities (SDG 
10) because local fishing activities and employment 
may be displaced when access to fishing areas is 
restricted (Singh et al., 2018). While these issues can 
be alleviated in the long term through increases in fish 
abundance and the creation of alternative livelihoods 
(Lester et al., 2009; Russi et al., 2016), the management 
of potential short-term trade-offs requires careful 
consideration and full acknowledgement of impact 
pathways and interdependencies. A further challenge, 
demonstrated in relation to extractive activities in chapter 
6, is asymmetric impact profiles, in which an activity is 
immune from the negative impacts it generates, thereby 
creating little motivation for changing behaviour. In 
such circumstances, strong governance is likely to be 
needed to support equitable trade-off outcomes for all 
interests. Finally, there is the need to consider disaster 
risk reduction strategies and build the resilience of coastal 
communities in the light of increasing risk from climate-
driven extreme events.

Typically, however, effective management of coastal 
trade-offs is impeded by governance mechanisms 
that do not fully address land-sea interactions and 
associated broader considerations. Historically, 
governance frameworks in the terrestrial and marine 
environments have been organized around individual 
resources and uses, resulting in isolated pieces of 
legislation for specific policy areas such as transport, 
fisheries and pollution (Olsen et al., 2006; Boyes and 
Elliott, 2014). Physical (land and sea) and jurisdictional 
boundaries (national and international) have played 
a key role in promoting this compartmentalized and 
piecemeal coastal resource governance approach. 
Furthermore, under the United Nations Convention 
on the Law of the Sea (UNCLOS), marine areas are 
divided into five main zones (Internal Waters, Territorial 
Seas, Contiguous Zone, Exclusive Economic Zone and 
the High Seas), each with a different legal status and 
resource accountabilities. This fragmented governance 

framework means that measures to address human 
impacts on the ocean have thus been adopted at 
different governance levels (mostly international, 
regional and national), resulting in sector-specific laws 
and agreements governed by numerous organizations 
and administrative bodies (Boyes and Elliott, 2014). 

Despite the fragmented approach, UNCLOS does 
explicitly make provisions for pollution from land-
based sources. For example, Article 207, clause 1, 
states that “States shall adopt laws and regulations 
to prevent, reduce and control pollution of the marine 
environment from land-based sources, including rivers, 
estuaries, pipelines and outfall structures, taking into 
account internationally agreed rules, standards and 
recommended practices and procedures”, and that 
States “shall take other measures as may be necessary 
to prevent, reduce and control such pollution” (clause 
2) and “endeavor to harmonize their policies in this 
connection at the appropriate regional level” (clause 
4). The extent to which these articles have proven 
successful is questionable, given the extent of the 
impacts described in this report. This raises the 
possibility of the need for a new international legal land-
sea governance instrument.

In addition to this legislative remit, psychological 
boundaries may also play a role in impeding holistic 
governance structures, as threats to ocean health are 
often perceived as distant or abstract - particularly for a 
large share of the world’s population living in landlocked 
countries or far away from the coast (Schuldt et al., 
2016) or for individuals or sectors who believe their 
impacts are the responsibility of others to manage 
(Potts et al., 2016). Given the challenging global context, 
it should be considered a priority to develop appropriate 
governance responses to address the profound impacts 
that land-based activities identified in this study have on 
coastal resources.

Existing governance approaches 

This section of the report considers governance 
approaches with the potential, perhaps through 
adaptation or enhancement, to address land-sea 
impact pathways and thereby support the transition to 
a sustainable blue economy and associated desirable 
outcomes (such as disaster risk reduction). Although 
we fully recognize that attempts to coordinate land and 
marine governance systems have been made and are 
ongoing, we assert that managing land-sea connections 
is becoming ever more complex and challenging, 
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and requires new or strengthened approaches to 
be developed to tackle this new situation. The push 
to transition to an equitable and sustainable blue 
economy creates additional urgency around how we 
can build economic priorities into land-sea governance 
approaches. 

As noted by UN Environment (2018), area-based 
management approaches offer great potential to 
address transboundary and multi-sector resource 
challenges while also contributing to a wide range of 
SDG targets. Such transboundary approaches have been 
successfully implemented in different areas around the 
world, including on small islands in the Indian Ocean, 
the Lofoten-Barents Se, and in the Caribbean. More 
broadly, this is a focus of the UN Environment Regional 
Seas Programme (UN Environment, 2018), but largely 
in the absence of an explicit sustainable blue economy 
agenda. A dominant feature of these approaches is 
ecosystem-based management, which recognizes the 
world as a socioecological system consisting of human 
and natural processes that connect through space and 
time and are therefore governed holistically in order to 
generate sustainable outcomes. 

Ecosystem-based management is widely recognized 
as a key concept underpinning the SDGs, due to its 
cross-sector and cross-disciplinary character. The 
ecosystem-based approach also places an emphasis on 
protecting the natural capital upon which the social and 
economic well-being of human communities depends. 
Ecosystem-based approaches, applied to coastal areas, 
may therefore deliver some of the key characteristics 
that this chapter identified as necessary to address 
the land-sea impact pathways. The emphasis on 
socioeconomic as well as natural system characteristics 
means that connections to the sustainable blue 
economy are more likely to be supported. Examples of 
governance approaches incorporating ecosystem-based 
management relevant to land-sea resource governance 
challenges include the following: 

•	 Integrated Coastal Management is an approach in 
which the land and sea are managed as a unified 
zone and efforts are made to integrate policies 
and actions to ensure a coherent approach to 
coastal planning and management. Integrated 
Coastal Management approaches have been 
initiated worldwide (Wu et al., 2012). For example, 
in South-East Asia PEMSEA (Partnerships in 
Environmental Management for the Seas of East 
Asia) has supported over 50 active management 
sites and developed a Framework for the 

Sustainable Development of Coastal Areas and an 
Integrated Coastal Management Code to guide its 
work (PEMSEA, 2015). In the Mediterranean basin, 
the Mediterranean Protocol provides a framework 
for establishing ecosystem-based management 
and addressing human pressures and cumulative 
impacts in the coastal Mediterranean (UN 
Environment, 2018). Similarly, the development 
of the Campeche Bay Integrated Management 
Program in Mexico addresses problems affecting 
the coastal area (Fuentes et al., 2018). Despite 
some excellent examples, Integrated Coastal 
Management has had a mixed record of success 
– often due to limited government investment 
and its focus on challenging resource distribution 
patterns (often with limited legal or enforcement 
power).

•	 Ridge to Reef is an approach similar to Integrated 
Coastal Management in its philosophy, but its 
emphasis is narrower, being focused on connecting 
only salt and freshwater ecosystems in a unified 
governance approach. Ridge-to-Reef approaches 
typically focus on tackling land-based sources of 
pollution to conserve coastal resources (usually 
coral reefs). In Grenada, a ridge to reef approach 
has helped to develop incentive schemes to 
encourage good practice for upland agriculture 
and livestock activities to reduce polluted run-off 
degrading coastal ecosystems (UN Environment, 
2018). While effective in situations of limited 
complexity and spatial scale, Ridge-to-Reef 
approaches alone are unlikely to be the solution 
to the land-sea governance challenges identified 
in this study. However, they may offer important 
learning opportunities related to the governance of 
individual impact pathways.

•	 Source-to-Sea approaches focus on connecting 
single or multiple river basins to the sea into 
which they drain through a structured and 
relatively fast process, building on existing 
governance approaches, to identify appropriate 
actions (Mathews et al., 2019). The Source-to-
Sea approach seeks to establish governance, 
practice and finance connections that increase 
collaboration and coherence between terrestrial 
and marine water systems. The intention behind 
this is to reduce negative relationships between 
land and sea (including in relation to water, 
pollution, sediment, materials, biota, ecosystem 
services) and generate measurable economic, 
social and environmental improvements (Mathews 
et al., 2019). In broad terms, the Source-to-Sea 
approach is similar to the Ridge-to-Reef approach, 
although its more structured approach means it is 
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applicable to a broader range of natural and human 
settings. While generating interest as an approach 
to specific issues such as plastic pollution from land 
(Matthews and Stretz, 2019), practical testing of the 
Source-to-Sea approach appears limited, although it 
is noted that the marine litter, pollution and sewage-
borne pathogens in the Bay of Bengal Large Marine 
Ecosystem are being tackled through a Source-
to-Sea approach and the Pacific Islands Ridge-to-
Reef National Priorities Program is also adopting a 
Source-to-Sea approach (Mathews et al., 2019). 

•	 Marine Spatial Planning is an approach to the 
strategic planning of coastal resources, including 
marine space, to achieve specific policy goals. 
Generally speaking, Marine Spatial Planning does 
not include any terrestrial areas and is restricted 
to marine waters, although the landward boundary 
can sometimes include intertidal areas. In the 
United Kingdom, Marine Spatial Planning focuses 
on the planning and management of marine 
resources and activities at sea with no role in 
land-based planning. The only exception is that 
both terrestrial and marine plans have reciprocal 
obligations to take each other’s policies into 
account when making planning decisions. While 
this is not a unified governance structure in any 
sense, it does provide a model through which 
governance frameworks can be linked. Given that 
this study has identified the need to focus on land-
based activities, it is unlikely that Marine Spatial 
Planning alone can provide the answer. Under 
the European Union’s Maritime Spatial Planning 
Directive, all Member States with a coastline 
must have developed and implemented Maritime 
Spatial Plans by March 2021. Belgium has been 
a pioneer of MSP, implementing its ‘Master Plan 
for the North Sea’ in 2004 as a precursor to a 
comprehensive and detailed Marine Spatial Plan 
that was fully implemented in 2014. The Directive 
also requires Member States to consider land-sea 
interactions to ensure that there is a link between 
land and marine spatial planning.

•	 Marine Protected Areas are the primary 
mechanism for protecting important marine 
species and habitats from potentially damaging 
activities. The level of protection within a marine 
protected area broadly reflects the level of threat 
facing the designated natural feature(s). The 
management measures applied within marine 
protected areas tend to focus only on marine-
based threats, as the legal remit of marine 
protected areas does not generally extend 
to terrestrial areas. The success of marine 

protected areas depends on effective land-based 
governance (and therefore risks) in the same way 
as coastal resources underpinning the sustainable 
blue economy. It is also important to note that 
areas designated for protection based on their 
ecological importance may not be the areas that 
generate substantial economic and social well-
being for the sustainable blue economy, although 
there is clear evidence that marine protected 
areas can provide economic benefits (European 
Commission, 2018). The extent to which a marine 
protected area can safeguard marine resources 
will depend on what the designated area was 
intended to protect, and the management 
measures put in place to deliver the intended 
protection.

Although all have their weaknesses, these area-based 
management approaches may provide a basis for 
managing the dynamic relationship between terrestrial 
and marine areas, as well as supporting cooperation 
between agencies working in different realms and at 
different levels of authority. This has the potential to 
pave the way towards more effective management of 
human impacts on marine areas and resources. Other 
approaches that should be considered here include the 
following:

•	 Voluntary agreements put in place by industries or 
sectors can be effective with widespread uptake. 
For example, companies in some food supply 
chains are voluntarily reducing plastic (including 
packaging) in their production processes to 
reduce plastic pollution entering the ocean. 
Many private-sector organizations are framing 
their marketing and branding messages around 
environmental welfare and carefully considering 
how private sector actions can contribute to 
Sustainable Development Goals and other global 
targets. FAO produces many guides to voluntary 
practices that support more sustainable fishing 
and aquaculture practices. However, given the 
pervasive nature of land-based effects on coastal 
resources, it is unlikely that voluntary agreements 
and partnerships can generate the scale of 
change necessary across all key sectors globally.

•	 Environmental Impact Assessment is a 
common approach around the world to address 
the impacts on the environment associated 
with the establishment and operation of new 
developments. These assessments are triggered 
by various criteria, including scale of activity 
and proximity to vulnerable environments. 
While useful for identifying transboundary 
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environmental linkages of individual projects or 
groups of projects (including cumulative effects), 
environmental impact assessments are not well 
suited or widely used to manage the ongoing 
operational functions of multiple land-based 
activities. As such, their value as a possible 
platform for trade-off analysis and decisions 
focused on land-sea interactions is likely to be 
limited.

•	 International initiatives and partnerships can 
play an important role in framing the political 
context for governance change. A potentially key 
international partnership is the UN Environment 
Global Programme of Action for the Protection 
of the Marine Environment from Land-based 
Activities, which was created in 1995 and has a 
membership of 108 countries. The goal of the 
Programme is to generate sustained and effective 
action by national governments to deal with all 
land-based impacts upon the marine environment. 
Since 2012, this has been delivered through three 
related initiatives: 
1) the Global Partnership on Marine Litter; 2) the 
Global Partnership on Nutrient Management; and 
3) the Global Wastewater Initiative. At the Fourth 
Intergovernmental Review of the Programme, 
there was a commitment to strengthen all three 
initiatives - including the linkages between them. 
The UN Environment Regional Seas and Action 
Plans network also supports partnership working 
between coastal States and has a key role in 
tackling land and marine governance challenges 
that span international boundaries.

•	 Two other international marine-focused 
frameworks in Europe are the EU Water 
Framework Directive and the EU Marine Strategy 
Framework Directive. The EU Water Framework 
Directive, adopted in 2000, requires countries to 
create River Basin Management Plans to ensure 
all inland, estuarial and coastal waters achieve 
‘good ecological status’. These plans apply 
across boundaries in EU Member States. The EU 
Marine Strategy Framework Directive, adopted in 
2008, takes a regional approach to the protection 
of Europe’s marine environment by requiring 
Member States (individually but in consultation 
with adjacent States) to take action to achieve 
‘good environmental status’, according to a series 
of descriptors. These coordination examples are 
broadly framed as an environmental rather than 
resource-focused activities, although both include 
a focus on addressing the effects of land-based 
activities.

8.4	� Options for the enhanced  
governance of coastal resources

The following options for the enhanced governance 
of coastal resources are framed by the principles 
of resource efficiency (in which less resource input 
achieves the same or improved output) and decoupling 
(in which the negative environmental impacts are 
de-linked from economic growth), which are critical 
to achieving global goals and targets, as well as 
the transition to a sustainable blue economy. A key 
difference is that, here, these principles are applied to 
land-sea governance approaches. While the governance 
options are intended to identify specific approaches to 
coastal resource governance, we recognize that different 
approaches will be needed in particular places to reflect 
site and scale-relevant specificity. For example, the 
options may need to be adapted, combined or pared 
back to generate an appropriate governance response 
likely to be effective in specific conditions. The following 
governance options should therefore be seen as a 
suite of positive changes or interventions that can be 
tailored to scale-specific circumstances to enhance 
the governance of coastal resources and support the 
transition to an equitable and sustainable blue economy. 
The options have not been costed, and the order of their 
presentation does not suggest a prioritization. Given 
the particular vulnerability of living coastal resources 
from land-based activities, a particular emphasis has 
been placed on governance options that support marine 
biodiversity conservation. There is considerable practical 
experience of land-sea governance from which to draw 
in shaping these options, although little of it is explicitly 
framed by resource efficiency or decoupling. 

The following governance options strengthen and 
reassert our existing understanding of effective 
practices in land-sea governance. These are:

•	 Ecosystem-based management is the 
key guiding principle of coastal resource 
governance. This approach recognizes the world 
as a complex and multilayered socioecological 
system consisting of human and natural 
processes that connect through space and 
time in multiple ways and need to be governed 
holistically to generate sustainable outcomes. 
Central to this approach is the need to have 
joined-up governance across sectors, jurisdictions 
and natural boundaries. This is critical to effective 
coastal resource governance and provides the 
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basis for considering resource-efficient and 
decoupled solutions. Furthermore, the ecosystem 
approach places a high priority on: safeguarding 
natural capital that is critical to the sustainable 
blue economy agenda, building fair and equitable 
societies and supporting coastal disaster risk-
reduction strategies. Considerable national level 
guidance already exists to support the practical 
implementation of ecosystem-based management, 
including UN Environment’s introductory guide 
‘Taking Steps toward Marine and Coastal 
Ecosystem-Based Management’ (UNEP, 2011).

•	 Existing area-based management tools, with 
enhancement and adaptation, can be used to 
reduce the impacts of land-based activities on 
coastal resources. Area-based management 
approaches enable specific management 
interventions to be applied to a defined area 
and are therefore key opportunities to tackle the 
negative impacts of land-based activities on coastal 
resources. Although many existing area-based 
management tools have narrow spatial or thematic 
remits, with suitable adaptation they could play a 
greater role in tackling and managing the impacts of 
land-based activities on coastal resources. Examples 
include Integrated Coastal Management, Ridge-
to-Reef or Source-to-Sea approaches and Marine 
Protected Areas. These approaches already support 
ecosystem-based management while reflecting 
regional or local specificity.

•	 Improved coordinating mechanisms can 
overcome fragmented land-sea governance. 
A coordinating mechanism connects different 
governance frameworks and stakeholders to 
form a coherent governance approach. This does 
not necessarily replace pre-existing governance 
approaches but provides linkages between 
them. This then enables joined-up approaches 
to resource management to transcend individual 
governance frameworks. For example, agriculture 
generates significant impacts on fisheries, but at 
the national scale each sector is often governed 
independently. A coordinating mechanism will 
provide the link between these governance 
frameworks and enable coordinated responses 
to be developed to shared challenges - such as 
improved sediment control to avoid damage 
to nursery grounds for commercial fish stocks. 
The coordinating mechanism should be tailored 
to the prevailing legal, political, social and 
economic context and should focus on achieving 
improved resource efficiency and decoupling. 
At its simplest, it could take the form of a 
communication platform that provides space for 

knowledge sharing that promotes coordinated 
approaches between land-sea stakeholders and 
management regimes. A more sophisticated 
approach could include a conflict resolution 
mechanism to overcome disputes and potentially 
seek equitable outcomes arising from competing 
demands for terrestrial and coastal resources. 
Integrated Coastal Zone Management, Source-
to Sea approaches and the UN Environment 
Global Programme of Action on the Protection 
of the Marine Environment from Land-based 
Activities deliver some elements of a coordinating 
mechanism - although each would require 
considerable strengthening to deliver the scale of 
governance change advocated in this report.

•	 Capacity development programmes would 
support improved land-sea governance. A 
capacity development package is needed to 
share international experiences, identify effective 
practices and provide learning materials for 
policymakers and practitioners involved in 
land-sea resource governance. This needs to 
be delivered in socially and culturally nuanced 
forms and should focus on local priorities. One 
emphasis of this capacity building approach 
would be how existing governance tools and 
approaches could be adapted or refined to better 
support land-sea governance and take account of 
seemingly distant land-based activities on coastal 
resources. Given the requirement to tackle weak 
governance of land-based activities that affect 
biotic coastal resources in particular, it would 
be important to ensure that capacity building 
is targeted towards those involved in land-
based activities, as well as coastal governance 
practitioners. In addition, support to build research 
and development capacity that specifically seeks 
to reduce the impact of land-based activities 
on coastal resources would be important – 
potentially though university, private sector and 
government partnerships.

•	 Filling evidence gaps, particularly related to 
the impacts of land-based activities on abiotic 
coastal resources, should be prioritized. This 
study has demonstrated that there are significant 
gaps in our understanding of linkages between 
land-based activities and coastal resources, 
particularly in terms of abiotic coastal resources 
and the impact of newer stressors (such as 
plastics) on coastal resources. Furthermore, the 
evidence for the connection between coastal 
resources and sustainable blue economy sectors 
is rather limited. Ecosystem service and natural 
capital assessments exist, but these are rarely at 
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the sector-scale and so fail to capture the broader 
sweep of the links between coastal resources 
and the blue economy. Evidence gaps should be 
prioritized then addressed through systematic 
and targeted research activities. Without filling 
the evidence gaps, there is a risk that land-
based activities will continue to have negative 
implications for coastal resources and potentially, 
where a precautionary approach is taken, land-
based activities might become over-restricted 
in the mistaken assumption that they generate 
negative impacts on coastal resources. Similarly, 
there are gaps in our understanding of which 
governance approach is likely to be most effective 
in a specific circumstance. These gaps are further 
complicated by the dynamic external context in 
which new governance challenges may arise or 
become evident over time. Ongoing assessments 
of land-sea governance effectiveness will help 
develop an evidence base of ‘what works’ and 
why. These lessons can then be shared, with a 
view to improving the performance level of land-
sea governance wherever it is needed. A strong 
horizon-scanning role may also help to pre-empt 
necessary governance arrangements and to 
explore and test possible responses.

The following governance options offer new insights into 
land-sea resource governance approaches framed around 
resource efficiency and decoupling. These are as follows:

•	 Coastal governance should focus on the 
pathways connecting multiple land-based 
activities to coastal resources and should 
not be constrained by arbitrary boundaries. 
This study has demonstrated that single and 
cumulative impact pathways exist between 
land-based activities and coastal resources, and 
that governance focused on any single activity 
has limited influence on the condition of coastal 
resources. We have also noted that there are 
different priorities in particular places and that 
fragmented governance systems that consider 
terrestrial and marine activities and resources 
separately are unlikely to be effective. We therefore 
recommend that the governance response 
is focused on the pathways connecting land-
based activities and coastal resources and is not 
constrained by existing natural or administrative 
boundaries. This places resource linkages at the 
heart of the governance approach and places 
greater emphasis on the safeguarding of natural 
resources. This approach also reduces the effect 
of administrative or legal boundaries on resource 
governance (at least as far as resource efficiency is 
concerned). This is summarized in Figure 11.

•	 Regional regulatory frameworks should be used 
to reduce the impact of land-based activities on 
coastal resources. In order to develop impact-
pathway focused governance approaches that 
reflect scale-specific conditions, we suggest the 
development of regional regulatory frameworks. 
This option is particularly useful in contexts where 
impacts on coastal resources are not considered 
in any other way and when land-based activity 
is disconnected from, or at a great distance 
from, impacts on coastal resources. Regional 
approaches enable tailored solutions for different 
places and can reflect the need for nation-specific 
governance responses. The process-driven 
elements of Integrated Coastal Management 
and Source-to-Sea approaches would be a good 
starting point for a regulatory system, as both 
require extensive stakeholder engagement and 
advocate joined-up land-sea governance. Any 
new regulatory frameworks should take the 
opportunity to adopt impact pathways as their 
unit of governance and place a legal obligation 
on land-based activities (and possibly sea-
based activities too) to take account of coastal 
resource impacts in their planning and operational 
decisions. The UN Environment Regional Seas 
Programme and Action Plans are ideally suited 
to provide the legal basis for such new regulatory 
frameworks, and there is already some experience 
to draw from - particularly the work of HELCOM 
(the Baltic Marine Environment Protection 
Commission).

•	 Natural capital safeguarding on land and at sea is a 
unifying principle. Natural capital can be described 
as the natural features (living and non-living – such 
as coral reefs, forests and gravel beds) that underpin 
human well-being through the production of services 
that benefit society (such as food, flood protection 
and materials). This report has highlighted the 
importance of safeguarding coastal natural capital 
from the damaging impact of land-based activities 
in order maintain and enhance the resources upon 
which many ocean industries depend. As the case 
studies demonstrated, management interventions 
on land that benefit coastal natural capital also 
protect natural terrestrial capital and promote more 
resource-efficient land-based activities. Therefore, 
safeguarding natural capital on land and in the ocean 
should be seen as a unifying governance principle 
that generates positive outcomes on land and at 
sea and for all parties. In practice, this requires 
actions on land and in the sea to be considered as 
occurring within the same resource system, which is 
consistent with the ecosystem-based approach. 
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Figure 11. Improved coastal resource governance through integrated governance pathways

•	 Coastal natural capital needs to be mapped and 
protected. Locating coastal natural capital is 
potentially difficult as it may not overlap spatially 
with marine protected areas that are generally 
designated for specific ecological or conservation 
reasons (such as the rarity or representativeness 
of a certain habitat or species). For example, an 
area of unremarkable coastal gravel beds may 
not justify protection based on its ecological or 
conservation value, but it may be an important 
nursery ground for locally caught commercial 
fish stocks that, if degraded due to land-based 
(or other) activities, would create considerable 
economic hardship to the dependent human 
community. Coastal natural capital areas can be 
identified by modifying the blue economy sector 
dependence matrices herein and using existing 

spatial data to identify where those resources are 
located. Once identified, it is important to protect 
areas of high natural capital value. This will require 
a new form of protection that complements 
existing designations and that is specifically 
focused on protecting natural capital. While this 
represents a departure from existing protected 
area designation practice, it is not intended to 
diminish the importance of protecting areas for 
their ecological and conservation value and could 
be considered as a justifiable extension of the 
reasons to designate protected areas. 

•	 A stakeholder community must be constructed 
that reflects the pathways connecting land-
based activities to coastal resources. While 
stakeholder representation and engagement are 
well recognized as important components of 
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strengthening coastal governance approaches, 
this is not adequate for the proposed impact 
pathway-focused governance approach 
advocated here. Instead, a new stakeholder 
community must be built, as engagement is 
required from all land-based and sea-based 
stakeholders whose actions are located within an 
impact pathway. This may include stakeholders 
located hundreds of kilometres from the coast, 
stakeholders involved in activities seemingly 
peripheral or entirely disconnected from coastal 
resources and with different interests, experiences 
and ways of working. This will require substantial 
engagement from the private sector, government 
at multiple levels and many public and community 
interest organizations. Catalysing a shared 
ambition to safeguard terrestrial and coastal 
natural capital for mutual benefit will be critical 
to generate interest, support and the necessary 
trust for this scale of stakeholder engagement. 
Nuanced and well-targeted communications 
will be needed, as will professional and expert 
facilitation. A legal basis for such partnerships 
may be useful in circumstances where resource 
conflicts are prevalent or anticipated. Building a 
stakeholder community of the sort suggested 
would be a significant challenge that should not 
be underestimated. It will therefore be important 
to learn from and build upon existing experiences 
of stakeholder engagement at the global scale, 
such as the UN Environment Global Programme of 
Action on the Protection of the Marine Environment 
from Land-based Activities, or at the regional scale, 
such as PEMSEA (Partnerships in Environmental 
Management for the Seas of East Asia).

•	 Monitoring and evaluation should focus on 
impact pathways. Governance approaches 
require a monitoring and evaluation framework 
to enable their effectiveness to be determined 
and adaptations made to ensure their continued 
impact. As the proposed governance framework 
is focused on impact pathways, our view is that 
the monitoring and evaluation framework should 

also be focused on impact pathways. Therefore, 
rather than focusing simply on changes in the 
level of coastal resource availability as measures 
of success, the monitoring and evaluation 
framework would focus on changes in drivers, 
pressures, state and impacts. This would draw 
in multiple stakeholders, sectors and institutions 
to consider the effectiveness of the governance 
approach across the whole impact pathway(s). 
This would also enable cumulative factors to be 
taken into account by considering multiple impact 
pathways.

•	 A decision-support tool is required to support 
land-sea governance approaches focused on 
impact pathways. Decision-making related to any 
coastal resource affected by land-based activities 
is difficult. As such, the process could usefully be 
informed by a clear appreciation of the impact 
pathways and governance connections, along 
with an appreciation of the implications of any 
land-based decision for a coastal resource or blue 
economy activity. An online tool that converts the 
analysis presented in this report to an interactive 
platform to identify connections between land-
based activities and coastal resources (and 
blue economy sectors) and potentially quantify 
them (in resource and monetary terms) would 
be the first of its kind and provide a significant 
practical step towards taking account of coastal 
resources in land-based activities. Given the 
complex relationships between land-based 
activities, coastal resources and the blue 
economy, as well as the gaps and uncertainties 
in the evidence base outlined in this report, the 
tool could helpfully be based on a relational 
model. In addition to mapping the relationships, 
this would also provide measures of uncertainty 
in the modelled relationships. This would enable 
users to appreciate the connections and trade-
offs they needed to consider while also providing 
a measure of the quality of evidence underpinning 
the analysis. 

8.5	 Conclusion 

This report has highlighted the complex relations between 
land-based activities and coastal resources and made 
a case for strengthened governance approaches that 
reduce the negative impacts on coastal resources 
arising from land-based activities, while supporting the 
positive transition to an equitable and sustainable blue 
economy. This transition is in part a vehicle to deliver 

multiple benefits to ocean and coastal communities, 
including fairly distributed social and economic benefits, 
improved disaster risk reduction and climate adaptation 
strategies, as well as contributions to multiple Sustainable 
Development Goals. Given the importance of women 
in coastal communities, the transition to a sustainable 
blue economy is also a key opportunity to drive towards 
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gender equality in the blue economy. At the heart of 
these ambitions is the need to ensure that the coastal 
natural capital upon which much of the sustainable blue 
economy depends is safeguarded against the unintended 
impacts generated by land-based activities. 

The land-sea relationship is the dominant recurring 
theme of this report in terms of both natural connections 
(such as river basins discharging into the sea or intertidal 
habitats that span the land-sea divide) and human 
connections (such as mass tourism to coastal areas or 
the reliance on marine protein for food security). In reality, 
it is not possible or useful to separate the natural from 
human land-sea connections, as there are both natural 
and human dimensions to all coastal resource challenges. 
For example, polluted river discharge can undermine the 
tourism economy and the over-exploitation of fish stocks 
can degrade key habitats that protect communities 
against natural hazards. The relationship between land-
based activities and coastal resources therefore requires 
particular attention in terms of developing a greater 
understanding of their interconnections and developing 
models of governance that better respond to the 
challenges inherent to land-sea interactions.

In terms of improved understanding, the new 
methodology developed and applied in this study to 
better describe and communicate the relationships 
between land-based activities and coastal resources has 
proved to be useful at both the generic global scale and 
within the specific examples of shrimp aquaculture and 
extractive activities. The approach enabled individual and 
cumulative effects to be identified, along with the strength 
of the evidence base underpinning each assessment. 
This is an important new synthesis of this critical 
information. A key challenge was the sheer time required 
to determine the scale and direction of each relationship 
between an activity, the stressors it generates and the 
effects of those stressors on multiple coastal resources. 
It must also be recognized that this approach can lead to 
oversimplifications of what are often complex, spatially 
distinctive and dynamic relationships. The introduction of 
regional, national or site-level assessments will therefore 
be necessary in future assessments to generate more 
nuanced results.

The analysis of existing governance approaches, in light 
of the connections between land-based activities and 
coastal resources and in the context of the ambitions to 
transition to an equitable and sustainable blue economy, 
showed that improvements to coastal governance 
are needed. A key challenge in developing governance 

recommendations is variation in governance institutions, 
frameworks, practices and effectiveness between (and 
often within) nations and sectors. A further challenge is 
that the coastline itself is commonly used as a legal and 
administrative boundary, with often radically different 
governance systems are applied to the terrestrial 
and marine sides of the dividing line. This results in 
fragmented governance systems within nations, and 
these impede coordinated action to reduce the effects of 
land-based activities on coastal resources. This problem 
is magnified when land-based activities originate in other 
countries or contribute to the degradation of coastal 
resources at a regional scale.

Given the complexity of the relationships between the 
natural and governance connections in coastal areas, 
simple solutions are rarely available. This study has 
sought to develop governance options that build on 
existing institutions and structures, while also providing 
an enhanced focus on improving the relationship between 
land-based activities and coastal resources, thereby 
safeguarding the natural capital that underpins the 
transition to an equitable and sustainable blue economy.



107

9. REFERENCES
Alvarez-Torres, P., Díaz-de-León-Corral, A., Ramírez-Flores, O., 
& Bermúdez-Rodríguez, E. (2002). Reviews In Fish Biology  
And Fisheries, 12(2/3), 317-326. doi: 
10.1023/a:1025079900993.

Anticamara, Jonathan & Watson, Reg & Gelchu, A. & Pauly, D. 
(2011). Global fishing effort (1950–2010): Trends, gaps, and 
implications. Fisheries Research. 107. 131-136. Doi: 10.1016/ 
j.fishres.2010.10.016.

Baker, E. et al. (2016). Chapter 23: Offshore Mining Industries, 
First Global Integrated Marine Assessment (First World Ocean 
Assessment).

Bertelsmann Stiftung (2016). Globalization Report 2016. 
Gutersloh. Available at: https://www.bertelsmann-stiftung.
de/fileadmin/files/BSt/Publikationen/GrauePublikationen/
NW_Globalization_Report_2016.pdf. 

Bertelsmann Stiftung (2018). Globalization Report 2018. 
Gutersloh. Available at: https://www.bertelsmann-stiftung.
de/fileadmin/files/BSt/Publikationen/GrauePublikationen/
MT_Globalization_Report_2018.pdf

Boehlert, G.W. and Schumacher, J.D. (eds). (1997). Changing 
oceans and changing fisheries: Environmental data for 
fisheries research and management. NOAA Tech. Memo. 
NOAATMNMFS-SWFSC-239.

Boyes, S., & Elliott, M. (2014). Marine legislation – The ultimate 
‘horrendogram’: International law, European directives & 
national implementation. Marine Pollution Bulletin, 86(1-2),  
39-47. doi: 10.1016/j.marpolbul.2014.06.055.

Campbell, LM; Gray, NJ; Fairbanks, L; Silver, JJ; Gruby, RL; 
Dubik, BA; Basurto, X (2016). Global Oceans Governance: 
New and Emerging Issues. SSRN. doi: 10.1146/annurev-
environ-102014-021121.

Cuyvers, L., Berry, W., Gjerde, K., Thiele, T., & Wilhem, C. (2018). 
Deep Seabed Mining, a Rising Environmental Challenge. IUCN.

De Sherbinin, A., Levy, M., Adamo, S., MacManus, K., Yetman, 
G., Mara, V., ... & Pistolesi, L. (2012). Migration and risk: net 
migration in marginal ecosystems and hazardous areas. 
Environmental Research Letters, 7(4), 045602.

Desprez, M. (2000). Physical and biological impact of 
marine aggregate extraction along the French coast of the 
Eastern English Channel: short-and long-term post-dredging 
restoration. ICES Journal of Marine Science, 57, pp. 1428–
1438. doi: 10.1006/jmsc.2000.0926.

Duan, H., Zhang, H., Huang, Q., Zhang, Y., Hu, M., Niu, Y., & 
Zhu, J. (2016). Characterization and environmental impact 

analysis of sea land reclamation activities in China. Ocean 
& Coastal Management, 130, 128-137. doi: 10.1016/j.
ocecoaman.2016.06.006.

European Commission (2018). Study on the economic benefits 
of marine protected areas. EASME, Brussels.

Ferreira Ribeiro, L., de Souza, MM, Hatje, V., & Barros, F. (2014). 
Shrimp challenges: legal aspects, environmental impacts 
and mitigating alternatives. RGCI-Revista de Gestão Costeira 
Integrada , 14 (3). doi: 10.5894/rgci453.

Food and Agriculture Organization of the United Nations 
(2010). Aquaculture development. 4. Ecosystem approach 
to aquaculture. FAO Technical Guidelines for Responsible 
Fisheries. No. 5, Suppl. 4. Rome, FAO. 2010. 53p.  
http://www.fao.org/docrep/013/i1750e/i1750e.pdf.

Food and Agriculture Organization of the United Nations 
(2018). The State of World Fisheries and Aquaculture 2018 - 
Meeting the sustainable development goals. Rome. Licence: 
CC BY-NC-SA 3.0 IGO.

Food and Agriculture Organization (2020). The State of World 
Fisheries and Aquaculture 2020. Sustainability in action. 
Rome. https://doi.org/10.4060/ca9229en

Frankic, A., Hershner, C. (2003). Sustainable aquaculture: 
developing the promise of aquaculture. Aquaculture 
International 11, 517–530. doi: https://doi.org/10.1023/
B:AQUI.0000013264.38692.91.

Global Construction Perspectives and Oxford Economics 
(2015) Global Construction 2030. London. Available at:  
https://www.pwc.com/gx/en/industries/engineering-
construction/publications/pwc-global-construction-2030.html 
(Accessed: 31 August 2020).

Gottenhuber, S., Endl, A. and Berger, G., (2018). MIN-GUIDE 
Annual Conference 2018 – Conference Report. Brussels. 

GRID-Arendal and United Nations Environment Programme 
(2016). World Ocean Assessment. GRID-Arendal. Norway.

Halpern, B. S., Frazier, M., Potapenko, J., Casey, K. S., Koenig, 
K., & Longo, C. (2015). Spatial and temporal changes in 
cumulative human impacts on the world’s ocean. Nat 
Commun. doi: 10.1038/ncomms8615.

Harley, C.D.G., Randall Hughes, A., Hultgren, K.M., Miner, B.G., 
Sorte, C.J.B., Thornber, C.S., Rodriguez, L.F., Tomanek, L. and 
Williams, S.L. (2006). The impacts of climate change in coastal 
marine systems. Ecology Letters, 9: 228-241. doi:10.1111/
j.1461-0248.2005.00871.x.

Governance of Coastal Resources and the Sustainable Blue Economy

https://www.bertelsmann-stiftung.de/fileadmin/files/BSt/Publikationen/GrauePublikationen/NW_Globalization_Report_2016.pdf
https://www.bertelsmann-stiftung.de/fileadmin/files/BSt/Publikationen/GrauePublikationen/NW_Globalization_Report_2016.pdf
https://www.bertelsmann-stiftung.de/fileadmin/files/BSt/Publikationen/GrauePublikationen/NW_Globalization_Report_2016.pdf
https://www.bertelsmann-stiftung.de/fileadmin/files/BSt/Publikationen/GrauePublikationen/MT_Globalization_Report_2018.pdf
https://www.bertelsmann-stiftung.de/fileadmin/files/BSt/Publikationen/GrauePublikationen/MT_Globalization_Report_2018.pdf
https://www.bertelsmann-stiftung.de/fileadmin/files/BSt/Publikationen/GrauePublikationen/MT_Globalization_Report_2018.pdf
http://www.fao.org/docrep/013/i1750e/i1750e.pdf
https://doi.org/10.4060/ca9229en
https://doi.org/10.1023/B:AQUI.0000013264.38692.91
https://doi.org/10.1023/B:AQUI.0000013264.38692.91
https://www.pwc.com/gx/en/industries/engineering-construction/publications/pwc-global-construction-2030.html
https://www.pwc.com/gx/en/industries/engineering-construction/publications/pwc-global-construction-2030.html


108

Governing Coastal Resources: Implications for a Sustainable Blue Economy

Hudson, K. A., Jamieson, H. E., & Lottermoser, B. G. (2011). 
Mine waste; past, present, future. Elements, 7(6), 375-380. doi: 
10.2113/gselements.7.6.375.

Inniss, L., Simcock, A., Ajawin, A. Y., Alcala, A. C., Bernal, P., 
Calumpong, H. P., ... & Kamara, O. K. (2016). The first global 
integrated marine assessment: world ocean assessment. 
Available at: http://www.un.org/Depts/los/global_reporting/
WOA_RegProcess.htm.

International Council on Mining and Metals (2012). Trends 
in the mining and metals industry. London, UK. Available at: 
http://www.ibram.org.br/sites/1300/1382/00002639.pdf 
(Accessed: 31 August 2020).

International Energy Agency (2016) World Energy Outlook 
2016. Paris. Available at: https://webstore.iea.org/world-
energy-outlook-2016 (Accessed: 31 August 2020).

IPCC (2019) Special Report on the Ocean and Cryosphere in 
a Changing Climate. H.-O. Pörtner, D.C. Roberts, V. Masson-
Delmotte, P. Zhai, M. Tignor, E. Poloczanska, K. Mintenbeck, A. 
Alegría, M. Nicolai, A. Okem, J. Petzold, B. Rama, N.M. Weyer 
(eds.). 

IRP (2019a). Global Resources Outlook 2019: Natural 
Resources for the Future We Want. Oberle, B., Bringezu, S., 
Hatfield-Dodds, S., Hellweg, S., Schandl, H., Clement, J., and 
Cabernard, L., Che, N., Chen, D., Droz-Georget , H., Ekins, 
P., Fischer-Kowalski, M., Flörke, M., Frank, S., Froemelt , A., 
Geschke, A., Haupt , M., Havlik, P., Hüfner, R., Lenzen, M., 
Lieber, M., Liu, B., Lu, Y., Lutter, S., Mehr , J., Miatto, A., Newth, 
D., Oberschelp , C., Obersteiner, M., Pfister, S., Piccoli, E., 
Schaldach, R., Schüngel, J., Sonderegger, T., Sudheshwar, A., 
Tanikawa, H., van der Voet, E., Walker, C., West, J., Wang, Z., 
Zhu, B. A Report of the International Resource Panel. United 
Nations Environment Programme. Nairobi, Kenya. 

IRP (2019b). Land Restoration for Achieving the Sustainable 
Development Goals: An International Resource Panel Think 
Piece. Herrick, J.E., Abrahamse, T., Abhilash, P.C., Ali, S.H., 
Alvarez-Torres, P., Barau, A.S., Branquinho, C., Chhatre, A., 
Chotte, J.L., Cowie, A.L., Davis, K.F., Edrisi, S.A., Fennessy, 
M.S., Fletcher, S., Flores-Díaz, A.C., Franco, I.B., Ganguli, A.C., 
Speranza, C.I, Kamar, M.J., Kaudia, A.A., Kimiti, D.W., Luz, 
A.C., Matos, P., Metternicht, G., Neff, J., Nunes, A., Olaniyi, 
A.O., Pinho, P., Primmer, E., Quandt, A., Sarkar, P., Scherr, S.J., 
Singh, A., Sudoi, V., von Maltitz, G.P., Wertz, L., Zeleke, G. A 
think piece of the International Resource Panel. United Nations 
Environment Programme, Nairobi, Kenya.

IRP (2020). Mineral Resource Governance in the 21st 
Century. Gearing Extractive Industries Towards Sustainable 
Development. Elias T. Ayuk, Antonio M. Pedro, Paul Ekins, 
Bruno Oberle, Julius Gatune, Ben Milligan. A Report of the 
International Resource Panel. United Nations Environment 
Programme, Nairobi, Kenya.

Kobayashi, M., Msangi, S., Batka, M., Vannuccini, S., Dey, 
M. and Anderson, J., (2015). Fish to 2030: The Role and 
Opportunity for Aquaculture. Aquaculture Economics & 
Management, 19(3), pp.282-300.

Kooiman, J., Bavinck, M., Chuenpagdee, R., Mahon, R. and 
Pullin, R., (2008). Interactive governance and governability:  
an introduction. The journal of transdisciplinary environmental 
studies, 7(1), pp.1-11.

Lester, S., Halpern, B., Grorud-Colvert, K., Lubchenco, J., 
Ruttenberg, B., Gaines, S., Airamé, S. and Warner, R., (2009). 
Biological effects within no-take marine reserves: a global 
synthesis. Marine Ecology Progress Series, 384, pp.33-46.

Lightner, D. V. (2007). Biosecurity in Shrimp Farming: Pathogen 
Exclusion through Use of SPF Stock and Routine Surveillance. 
Journal of the World Aquaculture Society. doi: 10.1111/j.1749-
7345.2005.tb00328.x.

Lloyd’s Register, QineticQ and University of Strathclyde (2013). 
Global Marine Trends 2030. Available at: http://www.lr.org/en/
projects/global-marine-trends-2030.aspx.

Lu, Y., Yuan, J., He, G., Visbeck, M. (2016). Rate oceans capital 
to help achieve SDGs. Nature, 537 (7618). 34-34.

Lu, Y., Yuan, J., Lu, X., Su, C., Zhang, Y., Wang, C., Cao, X., Li, Q., 
Su, J., Ittekkot, V., et al. (2018). Major threats of pollution and 
climate change to global coastal ecosystems and enhanced 
management for sustainability. Environmental Pollution, 239. 
670-680.

Martínez, M. L., Intralawan, A., Vázquez, G., Pérez-Maqueo, 
O., Sutton, P., & Landgrave, R. (2007). The coasts of our 
world: Ecological, economic and social importance. 
Ecological economics, 63(2-3), 254-272. doi: 10.1016/J.
ECOLECON.2006.10.022.

Masson-Delmotte, T. W. V., Zhai, P., Pörtner, H. O., Roberts, 
D., Skea, J., Shukla, P. R., ... & Connors, S. (2018). IPCC, 2018: 
Summary for Policymakers. In: Global warming of 1.5 C. An 
IPCC Special Report on the impacts of global warming of 1.5 C 
above pre-industrial levels and related global greenhouse gas 
emission pathways, in the context of strengthening the global. 
Geneva, Switzerland.

Mathews, R. E., Tengberg, A., Sjödin, J., & Liss-Lymer, B. 
(2019). Implementing the source-to-sea approach: A guide for 
practitioners. SIWI, Stockholm.

Mathews, R.E. & Stretz, J. (2019). Source-to-Sea Framework 
for Marine Litter Prevention: Preventing Plastic Leakage in 
River Basins. SIWI, Stockholm.

Miller, K. A., Thompson, K. F., Johnston, P., & Santillo, D. (2018). 
An overview of seabed mining including the current state of 
development, environmental impacts, and knowledge gaps. 
Frontiers in Marine Science, 4, 418. doi: 10.3389/fmars.2017.00418.

http://www.un.org/Depts/los/global_reporting/WOA_RegProcess.htm
http://www.un.org/Depts/los/global_reporting/WOA_RegProcess.htm
http://www.ibram.org.br/sites/1300/1382/00002639.pdf
https://webstore.iea.org/world-energy-outlook-2016
https://webstore.iea.org/world-energy-outlook-2016
http://www.lr.org/en/projects/global-marine-trends-2030.aspx
http://www.lr.org/en/projects/global-marine-trends-2030.aspx


109

Nava Fuentes, J., Arenas Granados, P., & Cardoso Martins, F. 
(2018). Integrated coastal management in Campeche, Mexico; 
a review after the Mexican marine and coastal national policy. 
Ocean & Coastal Management, 154, 34-45. doi: 10.1016/j.
ocecoaman.2017.12.029.

Neiland, A., & Verinumbe, I. (1991). Fisheries Development 
and Resource-usage Conflict: A Case-study of Deforestation 
Associated with the Lake Chad Fishery in Nigeria. 
Environmental Conservation, 18(2), 111-117. doi: 10.1017/
s0376892900021676

Neumann, B., Ott, K., & Kenchington, R. (2017). Strong 
sustainability in coastal areas: a conceptual interpretation of 
SDG 14. Sustainability Science, 12(6), 1019-1035. doi: 10.1007/
s11625-017-0472-y

Neumann, B., Vafeidis, A. T., Zimmermann, J., & Nicholls, R. J. 
(2015). Future coastal population growth and exposure to sea-
level rise and coastal flooding-a global assessment. PloS one, 
10(3), e0118571. doi: 10.1371/journal.pone.0118571.

Oakerson, R. J. (1992). Analyzing the commons: A framework. 
Making the commons work: Theory, practice and policy. 41-59.

Olsen, S. B., Ipsen, N., & Adriaanse, M. (2006). Ecosystem-
based management: Markers for assessing progress. United 
Nations Environment Programme, Global Programme of 
Action for the Protection of the Marine Environment from 
Land-based Activities.

Orchard SE, Stringer LC, Quin CH (2015) Impacts of 
aquaculture on social networks in the mangrove systems of 
northern Vietnam. Ocean & Coastal Management, 114:1–10. 
https://doi.org/10.1016/j.ocecoaman.2015.05.019.

Organisation for Economic Co-operation and Development 
(2016). The Ocean Economy in 2030. Paris: OECD.

Organisation for Economic Co-operation and Development 
and Food and Agriculture Organization (2017). OECD/FAO 
Agricultural Outlook 2017- 2026. Paris: OECD.

Ostrom, E. (2009). A general framework for analyzing 
sustainability of social-ecological systems. Science, 
325(5939), 419-422. doi: 10.1126/science.1172133.

Ottinger, M., Clauss, K., & Kuenzer, C. (2016). Aquaculture: 
relevance, distribution, impacts and spatial assessments–a 
review. Ocean & Coastal Management, 119, 244-266. doi: 
10.1016/j.ocecoaman.2015.10.015.

Partnerships in Environmental Management for the Seas of 
East Asia (2015). Integrated Coastal Management (ICM) Code. 
Partnerships in Environmental Management for the Seas of 
East Asia (PEMSEA), Quezon City, Philippines.

Peduzzi, P. (2014). Sand, rarer than one thinks. UNEP Global 
Environmental Alert Service (GEAS).

Potts, T., Pita, C., O’Higgins, T., & Mee, L. (2016). Who cares? 
European attitudes towards marine and coastal environments. 
Marine Policy, 72, 59-66.

Primavera, J. H. (2006). Overcoming the impacts of 
aquaculture on the coastal zone. Ocean and Coastal 
Management, 49(9–10), pp. 531–545. doi: 10.1016/j.
ocecoaman.2006.06.018.

Richards, D. R. and Friess, D. A. (2016). Rates and drivers 
of mangrove deforestation in Southeast Asia, 2000-2012. 
Proceedings of the National Academy of Sciences of the 
United States of America. National Academy of Sciences, 
113(2), pp. 344–9. doi: 10.1073/pnas.1510272113.

Roca, G., Romero, J., Columbu, S., Farina, S., Pagès, J. F., Gera, 
A., ... & Alcoverro, T. (2014). Detecting the impacts of harbour 
construction on a seagrass habitat and its subsequent 
recovery. Ecological indicators, 45, 9-17. 

Russi, D., Pantzar, M., Kettunen, M., Gitti, G., Mutafoglu, K., 
Kotulak, M., & ten Brink, P. (2016). Socio-economic benefits 
of the EU marine protected areas. Institute for European 
Environmental Policy: London, UK.

Sadek, S., Sabry, M., & El-Samadony, E. (2011, April). Fish and 
shrimp culture in salt ground water of Rula Land Reclamation 
Land Company, Wadi-Group, Egypt–lessons of the first three 
years (2008–2011). In Integrated aquaculture–agriculture in 
Egypt towards more efficient use of water resources workshop 
21 April 2011, Cairo, Egypt.

Satia, BP (2011). Regional review on status and trends in 
aquaculture development in sub-Saharan Africa - 2010 / 
Regional review on the situation and trends in aquaculture in 
sub-Saharan Africa - 2010. FAO Fisheries and Aquaculture 
Circular, I, III, IV, V, 1-7.9-23.25-33.35-41.43-45.47-51.53-59.61-
67.69-117,119-137,139-161,163-191. Retrieved from http://www.
fao.org/3/i2261b/i2261b.pdf

Schuldt, J. P., McComas, K. A., & Byrne, S. E. (2016). 
Communicating about ocean health: theoretical and practical 
considerations. Philosophical Transactions of the Royal 
Society B: Biological Sciences, 371(1689), 20150214.

Sciortino, J. A. (2010). Fishing harbour planning, construction 
and management. Food and Agriculture Organization of the 
United Nations.

Silva-Cavalcanti, J. S., Silva, J. D. B., de França, E. J., de Araújo, 
M. C. B., & Gusmao, F. (2017). Microplastics ingestion by a 
common tropical freshwater fishing resource. Environmental 
Pollution, 221, 218-226. doi: https://doi.org/10.1016/j.
envpol.2016.11.068.

Singh, G. G., Cisneros-Montemayor, A. M., Swartz, W., Cheung, 
W., Guy, J. A., Kenny, T. A., ... & Sumaila, R. (2018). A rapid 
assessment of co-benefits and trade-offs among Sustainable 
Development Goals. Marine Policy, 93, 223-231.

References

https://doi.org/10.1016/j.ocecoaman.2015.05.019
http://www.fao.org/3/i2261b/i2261b.pdf
http://www.fao.org/3/i2261b/i2261b.pdf
https://doi.org/10.1016/j.envpol.2016.11.068
https://doi.org/10.1016/j.envpol.2016.11.068


110

Governing Coastal Resources: Implications for a Sustainable Blue Economy

Sohel, M., & Ullah, M. (2012). Ecohydrology: A framework 
for overcoming the environmental impacts of shrimp 
aquaculture on the coastal zone of Bangladesh. Ocean 
& Coastal Management, 63, 67-78. doi: 10.1016/j.
ocecoaman.2012.03.014.

Sowman, M., & Raemaekers, S. (2018). Socio-ecological 
vulnerability assessment in coastal communities in the 
BCLME region. Journal of Marine Systems, 188, 160–171. 

The Nairobi Statement of Intent on Advancing the Global 
Sustainable Blue Economy, 26-28 November (2018). Available 
at: http://www.blueeconomyconference.go.ke/wp-content/
uploads/2018/11/Nairobi-Statement-of-Intent-Advancing-
Global-Sustainable-Blue-Economy.pdf

Thompson, K. F., Miller, K. A., Currie, D., Johnston, P., & Santillo, 
D. (2018). Seabed mining and approaches to governance of 
the deep seabed. Frontiers in Marine Science, 5, 480. doi: 
10.3389/fmars.2018.00480.

Thurstan, R. H., Brockington, S., & Roberts, C. M. (2010). The 
effects of 118 years of industrial fishing on UK bottom trawl 
fisheries. Nature communications, 1(1), 1-6. doi: 10.1038/
ncomms1013.

Torres, A., Brandt, J., Lear, K., & Liu, J. (2017). A looming 
tragedy of the sand commons. Science, 357(6355), 970-971. 
doi: 10.1126/science.aao0503.

United Nations (2015). Transforming our world: The 2030 
agenda for sustainable development, Resolution adopted by the 
General Assembly. United Nations General Assembly, New York.

United Nations (2016). The First Global Integrated Marine 
Assessment (World Ocean Assessment I). United Nations, 
New York. Available at: https://www.un.org/regularprocess/
sites/www.un.org.regularprocess/files/woacompilation.pdf.

United Nations (2017). People and Oceans factsheet. The UN 
Ocean Conference. United Nations, New York. Available at: 
https://www.un.org/sustainabledevelopment/wp-content/
uploads/2017/05/Ocean-fact-sheet-package.pdf.

United Nations (2019). World Population Prospects: The 2019 
Revision, Key Findings and Advance Tables.

United Nations Department of Economic and Social Affairs 
Population Division (2015). World Urbanization Prospects: 
The 2014 Revision. Available at: https://esa.un.org/unpd/wup/
Publications/Files/WUP2014-Report.pdf. 

United Nations Department of Economic and Social 
Affairs Population Division (2019). Population Facts. 
Available at: https://www.un.org/en/development/desa/
population/migration/publications/populationfacts/docs/
MigrationStock2019_PopFacts_2019-04.pdf. 

United Nations Environment Programme (2011). Taking Steps 
toward Marine and Coastal Ecosystem-Based Management - 
An Introductory Guide. 

United Nations Environment Programme (2012). Global 
Environment Outlook (GEO-5). Available at: https://wedocs.
unep.org/bitstream/handle/20.500.11822/8021/GEO5_report_
full_en.pdf?sequence=5&isAllowed=y.

United Nations Environment Programme (2016a). GEO-6 
Regional Assessment for Africa. Nairobi, Kenya. Available at: 
https://www.unenvironment.org/resources/assessment/geo-
6-regional-assessment-africa#:~:text=The%20GEO%2D6%20
regional%20assessment,well%2Dbeing%20are%20
continuously%20enhanced (Accessed: 31 August 2020).

United Nations Environment Programme (2016b). GEO-
6 Regional Assessment for Asia and the Pacific. Nairobi, 
Kenya. Available at: http://wedocs.unep.org/bitstream/
handle/20.500.11822/7548/GEO_Asia_Pacific_201611.
pdf?sequence=1&isAllowed=y (Accessed: 31 August 2020).

United Nations Environment Programme (2016c). GEO-6 
Regional Assessment for Latin America and the Caribbean. 
Nairobi, Kenya. Available at: http://wedocs.unep.org/
bitstream/handle/20.500.11822/7659/GEO_LAC_201611.
pdf?sequence=1&isAllowed=y (Accessed: 31 August 2020).

United Nations Environment Programme (2018). The 
Contributions of Marine and Coastal Area-Based Management 
Approaches to Sustainable Development Goals and Targets. 
UN Regional Seas Reports and Studies No. 205.

UN-Habitat (2016). Urbanization and Development: Emerging 
Futures, UN Habitat World Cities Report 2016. doi: 10.1016/
S0264-2751(03)00010-6.

Wasielesky Jr, W., Atwood, H., Stokes, A., & Browdy, C. L. 
(2006). Effect of natural production in a zero exchange 
suspended microbial floc based super-intensive culture 
system for white shrimp Litopenaeus vannamei. Aquaculture, 
258(1-4), 396-403. doi: 10.1016/j.aquaculture.2006.04.030.

Wilkinson, C., & Salvat, B. (2012). Coastal resource degradation 
in the tropics: does the tragedy of the commons apply 
for coral reefs, mangrove forests and seagrass beds. 
Marine Pollution Bulletin, 64(6), 1096-1105. doi: 10.1016/J.
MARPOLBUL.2012.01.041.

Wolf, M. (2016). The tide of globalisation is turning. Financial Times, 
6 September. Available at: https://www.ft.com/content/87bb0eda-
7364-11e6-bf48-b372cdb1043a (Accessed: 11 August 2017).

World Economic Forum, Ellen MacArthur Foundation and 
McKinsey & Company (2016). The New Plastics Economy – 
Rethinking the future of plastics. Available at: https://www.
ellenmacarthurfoundation.org/publications/the-new-plastics-
economy-rethinking-the-future-of-plastics

http://www.blueeconomyconference.go.ke/wp-content/uploads/2018/11/Nairobi-Statement-of-Intent-Advancing-Global-Sustainable-Blue-Economy.pdf
http://www.blueeconomyconference.go.ke/wp-content/uploads/2018/11/Nairobi-Statement-of-Intent-Advancing-Global-Sustainable-Blue-Economy.pdf
http://www.blueeconomyconference.go.ke/wp-content/uploads/2018/11/Nairobi-Statement-of-Intent-Advancing-Global-Sustainable-Blue-Economy.pdf
https://www.un.org/regularprocess/sites/www.un.org.regularprocess/files/woacompilation.pdf
https://www.un.org/regularprocess/sites/www.un.org.regularprocess/files/woacompilation.pdf
https://www.un.org/sustainabledevelopment/wp-content/uploads/2017/05/Ocean-fact-sheet-package.pdf
https://www.un.org/sustainabledevelopment/wp-content/uploads/2017/05/Ocean-fact-sheet-package.pdf
https://esa.un.org/unpd/wup/Publications/Files/WUP2014-Report.pdf
https://esa.un.org/unpd/wup/Publications/Files/WUP2014-Report.pdf
https://www.un.org/en/development/desa/population/migration/publications/populationfacts/docs/MigrationStock2019_PopFacts_2019-04.pdf
https://www.un.org/en/development/desa/population/migration/publications/populationfacts/docs/MigrationStock2019_PopFacts_2019-04.pdf
https://www.un.org/en/development/desa/population/migration/publications/populationfacts/docs/MigrationStock2019_PopFacts_2019-04.pdf
https://wedocs.unep.org/bitstream/handle/20.500.11822/8021/GEO5_report_full_en.pdf?sequence=5&isAllowed=y
https://wedocs.unep.org/bitstream/handle/20.500.11822/8021/GEO5_report_full_en.pdf?sequence=5&isAllowed=y
https://wedocs.unep.org/bitstream/handle/20.500.11822/8021/GEO5_report_full_en.pdf?sequence=5&isAllowed=y
https://www.unenvironment.org/resources/assessment/geo-6-regional-assessment-africa#:~:text=The%20GEO%2D6%20regional%20assessment,well%2Dbeing%20are%20continuously%20enhanced
https://www.unenvironment.org/resources/assessment/geo-6-regional-assessment-africa#:~:text=The%20GEO%2D6%20regional%20assessment,well%2Dbeing%20are%20continuously%20enhanced
https://www.unenvironment.org/resources/assessment/geo-6-regional-assessment-africa#:~:text=The%20GEO%2D6%20regional%20assessment,well%2Dbeing%20are%20continuously%20enhanced
https://www.unenvironment.org/resources/assessment/geo-6-regional-assessment-africa#:~:text=The%20GEO%2D6%20regional%20assessment,well%2Dbeing%20are%20continuously%20enhanced
http://wedocs.unep.org/bitstream/handle/20.500.11822/7548/GEO_Asia_Pacific_201611.pdf?sequence=1&isAllowed=y
http://wedocs.unep.org/bitstream/handle/20.500.11822/7548/GEO_Asia_Pacific_201611.pdf?sequence=1&isAllowed=y
http://wedocs.unep.org/bitstream/handle/20.500.11822/7548/GEO_Asia_Pacific_201611.pdf?sequence=1&isAllowed=y
http://wedocs.unep.org/bitstream/handle/20.500.11822/7659/GEO_LAC_201611.pdf?sequence=1&isAllowed=y
http://wedocs.unep.org/bitstream/handle/20.500.11822/7659/GEO_LAC_201611.pdf?sequence=1&isAllowed=y
http://wedocs.unep.org/bitstream/handle/20.500.11822/7659/GEO_LAC_201611.pdf?sequence=1&isAllowed=y
https://www.ft.com/content/87bb0eda-7364-11e6-bf48-b372cdb1043a
https://www.ft.com/content/87bb0eda-7364-11e6-bf48-b372cdb1043a
https://www.ellenmacarthurfoundation.org/publications/the-new-plastics-economy-rethinking-the-future-of-plastics
https://www.ellenmacarthurfoundation.org/publications/the-new-plastics-economy-rethinking-the-future-of-plastics
https://www.ellenmacarthurfoundation.org/publications/the-new-plastics-economy-rethinking-the-future-of-plastics


111

World Wildlife Fund (2018). Principles for a Sustainable Blue 
Economy. Available at: https://d2ouvy59p0dg6k.cloudfront.
net/downloads/wwf_marine_briefing_principles_blue_
economy.pdf.

Wu, X. Q., Gao, M., Wang, D., Wang, Y., Lu, Q. S., & Zhang, Z. D. 
(2012). Framework and practice of integrated coastal zone 
management in Shandong Province, China. Ocean & coastal 
management, 69, 58-67. 

Wurmann, C. G. (2017). Regional review on status and 
trends in aquaculture development in Latin America and the 
Caribbean - 2015. FAO Fisheries and Aquaculture Circular, 
III,IV,V,1-36. Retrieved from http://www.fao.org/3/i2142b/
i2142b.pdf

Xue, X., Hong, H., & Charles, A. T. (2004). Cumulative 
environmental impacts and integrated coastal 
management: the case of Xiamen, China. Journal of 
Environmental Management, 71(3), 271-283. doi: 10.1016/j.
jenvman.2004.03.006.

References

https://d2ouvy59p0dg6k.cloudfront.net/downloads/wwf_marine_briefing_principles_blue_economy.pdf
https://d2ouvy59p0dg6k.cloudfront.net/downloads/wwf_marine_briefing_principles_blue_economy.pdf
https://d2ouvy59p0dg6k.cloudfront.net/downloads/wwf_marine_briefing_principles_blue_economy.pdf
http://www.fao.org/3/i2142b/i2142b.pdf
http://www.fao.org/3/i2142b/i2142b.pdf




About the International Resource Panel
Aim of the Panel

The International Resource Panel was established to provide independent, coherent and authoritative 
scientific assessments on the use of natural resources and their environmental impacts over the full life 
cycle. The Panel aims to contribute to a better understanding of how to decouple economic growth from 
environmental degradation while enhancing well-being.

Benefiting from the broad support of governments and scientific communities, the Panel is constituted 
of eminent scientists and experts from all parts of the world, bringing their multidisciplinary expertise to 
address resource management issues. The information contained in the International Resource Panel’s 
reports is intended to:

•	 be evidence based and policy relevant, 

•	 inform policy framing and development, and 

•	 support evaluation and monitoring of policy effectiveness.

Outputs of the Panel

Since the International Resource Panel’s launch in 2007, more than 30 assessments have been published. 
The assessments of the Panel to date demonstrate the numerous opportunities for governments, 
businesses and wider society to work together to create and implement policies that ultimately lead 
to sustainable resource management, including through better planning, technological innovation and 
strategic incentives and investments. 

Following its establishment, the Panel first devoted much of its research to issues related to the use, stocks 
and scarcities of individual resources, as well as to the development and application of the perspective of 
‘decoupling’ economic growth from natural resource use and environmental degradation. These reports 
include resource-specific studies on biofuels, water and the use and recycling of metal stocks in society.

Building upon this knowledge base, the Panel moved into examining systematic approaches to resource 
use. These include looking into the direct and indirect impacts of trade on natural resource use; issues of 
sustainable land and food system management; priority economic sectors and materials for sustainable 
resource management; benefits, risks and trade-offs of low-carbon technologies; city-level decoupling; 
and the untapped potential for decoupling resource use and related environmental impacts from economic 
growth.

Upcoming work

In the forthcoming months, the International Resource Panel will focus on scenario modelling of natural 
resource use, the socioeconomic implications of resource efficiency and the circular economy, the role 
of resources in environmental displacement and migration, and the connections between finance and 
sustainable resource use, among others.

More information about the Panel and its research can be found at: 
Website: www.resourcepanel.org 
Twitter: https://twitter.com/UNEPIRP 
LinkedIn: https://www.linkedin.com/company/resourcepanel

Contact: unep-irpsecretariat@un.org

https://www.linkedin.com/company/resourcepanel


Job No. DTI/2304/PA
ISBN: 978-92-807-3806-3

For more information:
International Resource Panel Secretariat
United Nations Environment Programme

1 rue Miollis - Building VII - 75015 Paris, France
Email: unep-irpsecretariat@un.org

www.resourcepanel.org
Twitter: @UNEPIRP

LinkedIn: www.linkedin.com/company/resourcepanel 

GOVERNING COASTAL RESOURCES 
IMPLICATIONS FOR A SUSTAINABLE BLUE ECONOMY 
 
Coastal resources - including fish, minerals and energy - are 
critical to people, nature and the economy, and are a focus for the 
emerging sustainable blue economy agenda. It has long been 
recognized that a particular challenge in coastal areas is the 
management of land-based activities that generate detrimental 
impacts on coastal resources in the marine environment. Many 
of these pressures are negative externalities of land-based 
human activities that are not taken into account within existing 
resource-governance frameworks. Therefore, the development 
of improved approaches to land-sea governance that take 
account of how land-based activities affect the quality and 
availability of coastal resources is the focus of this report. 

This global study used a Drivers, Pressures, State, Impact, 
Response (DPSIR) framework to assess how global scale 
drivers are pushing the development of land-based activities 
(pressures), which in turn affect the quality and availability (state) 
of coastal resources. The impact of changing coastal resources 
on a selection of sustainable blue economy sectors was then 
considered. Following a review of existing coastal governance 
approaches that support land-sea coordination, and a detailed 
evaluation of the governance arrangements in the extractive 
and aquaculture sectors, the study presents an analysis of 
possible governance responses that can better account for, and 
ideally reduce, the effects of land-based activities on coastal 
resources and thereby support the transition to a sustainable 
blue economy.
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